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COMPOSITIONS OF ETHYLENE/c~-OLEFIN
MULTI-BLOCK INTERPOLYMER SUITABLE
FOR FILMS

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims priority to PCT Application No.
PCT/US2005/008917 (Dow 63558D), filed on Mar. 17, 2005,
which 1n turn claims priornity to U.S. Provisional Application
No. 60/553,906, filed Mar. 17, 2004. The application further
claims priority to U.S. Provisional Application Ser. No.
60/718198 filed Sep. 16, 2005 (Dow 64413). For purposes of
United States patent practice, the contents of the provisional
applications and the PCT application are herein incorporated
by reference 1n their entirety.

FIELD OF THE INVENTION

This mvention relates to ethylene/c-olefin multi-block
interpolymer compositions and films made therefrom.

BACKGROUND AND SUMMARY OF TH.
INVENTION

(L]

Food items such as poultry, vegetables, fresh red meat, and
cheese, as well as nonfood industrial and retail goods, are
packaged by shrink, skin, stretch and/or vacuum wrap meth-
ods. The shrink packaging method involves placing an
article(s) mto a bag fabricated from heat-shrinkable film
material, then closing or heat sealing the bag, and thereafter
exposing the bag to suificient heat to cause shrinking of the
bag and mntimate contact between the bag and article. The heat
can be provided by conventional heat sources, such as heated
air, infrared radiation, hot water, combustion flames, or the
like. Shrink wrapping of food articles helps preserve fresh-
ness, 1s attractive, hygienic, and allows closer inspection of
the quality of the packaged food. Shrink wrapping of indus-
trial and retail goods, which 1s alternatively referred to in the
art and herein as industrial and retail bundling, preserves
product cleanliness and also 1s a convenient means of bun-
dling for accounting purposes.

The skin packaging method imnvolves placing the product to
be packaged on porous or perforated paperboard which 1s
typically coated with an adhesive primer, then moving the
loaded board to the platen of a skin packaging machine where
a skin packaging film 1s heated until it softens and droops,
relaxes and droops a second time over the loaded board. A
vacuum then draws the film down around the product to
provide a “skin” tight package. Skin packaging serves both
the consumer retail and the transit markets. In the transit
market, skin packaging protects industrial goods during
transport and distribution. In the retail market, skin packaging,
protects consumer goods against damage and pilierage as
well as provides “display appeal” to maximize the sales
potential of the packaged product. While most, 11 not all,
nonfood skin packaging film 1s monolayer, multilayer skin
packaging films are useful for protecting food by vacuum
packaging and, especially by vacuum skin packaging.

Food 1tems are also packaged by the stretch wrapping
method which involves manually pulling a film over a paper
pulp or foamed polystyrene tray filled with food (or automati-
cally pushing the tray upward to stretch the film) and then heat
sealing the stretched film at 1ts edges usually on the underside
of the tray, and allowing the film to remain taut due to 1its
clasticity. For nonfood stretch wrapping, the stretch wrap film
1s manually or automatically pulled and stretched over and/or

10

15

20

25

30

35

40

45

50

55

60

65

2

around the product, and thereaiter the free end of the film 1s
clung or tacked (rather than heat sealed) to another portion of
f1lm already wrapped about the product or to the product itself
usually by applying pressure in the direction towards the
product or goods being wrapped. Stretch wrap packaging of
fresh food 1s specific to the consumer retail market and 1t
allows fresh red meat to bloom to the desired bright red color
as well as allows some vegetables to appropriately respire.
Stretch wrapping of nonfood items corresponds to the transit
market, and includes pallet wrapping of goods as well as
wrapping of new vehicles during distribution to protect exte-
rior paint finishes from damage due to acid rain, road chips,
debris, vandalism, etc.

Whereas stretch wrap packaging typically does not involve
barrier film layers and 1s useful for both food and nonfood
items, vacuum packaging involves a gas or oxygen barrier
film layer and 1s generally reserved for red meats, processed
meats and cheeses, but 1s also used to package odor-sensitive
or odor-generating nonfood 1tems such as cedar wood chips.
There are several methods or variations of vacuum packaging
including vacuum skin packaging which 1s also referred to 1n
the art as vacuum form packaging. One method mvolves, for
example, bringing a heat-softened top and bottom film web
together under vacuum 1n a chamber with the product loaded
between the webs; thereatfter, heat sealing the webs together
at their edges, and then evacuating or gas flushing the space
containing the product. In vacuum packaging, typically the
bottom web takes up the form of the food 1tem being pack-
aged.

While the shrink wrapping method 1s predicated on the
heat-shrinking properties of the selected film materials,
stretch overwrapping is predicated on the elasticity of the film
material. Conversely, successiul skin packaging 1s predicated
on the adhesion of the film matenal to the primed board and
the amount of time required to cause the film to double droop
(cycle time). Similar to skin packaging, successtul vacuum
packaging depends on the time required for the film webs to
suificiently soften before being drawn by vacuum (or pushed
by air pressure) about the product to be packaged. As taught
in Plastics Design and Processing, November 1980, page 4,
f1lm materials with more infra-red heat absorption bands and/
or with a lower Vicat softening point will tend to heat-up and
solten faster, and thereby allow faster cycle times 1n skin and
vacuum packaging. In general, polar polymers such as, for
example, ethylene vinyl acetate (EVA) copolymers, ethylene
acrylic acid (EAA) copolymers and 1ionomers, will possess
more inira-red heat bands than nonpolar polymers such as the
substantially linear ethylene polymers of the present inven-
tion or heterogeneous LLDPE. Further, ionomers show more
inira-red heat bands than their respective base copolymers
due the 1onomerization itsellf.

Successtul packaging or wrapping for all four methods,
depends on the toughness and abuse or implosion resistance
properties of the film materials themselves such that the pack-
aged product’s itegrity 1s maintained during distribution,
handling and/or display. However, toughness and abuse resis-
tance are particularly important in food shrink wrapping and
vacuum packaging which often times involves packaging of
meat and other food cuts with deep cavities and sharp exposed
bones as well as exposed edges that can puncture the film
webs or fabricated bag during the heat-shrink or vacuuming-
form operation or during subsequent package handling and
distribution. To avoid premature puncturing, film producers
resort to expensive practices to toughen the package such as
using thicker films and bags, using an extra layer of {ilm at
critical contact points of the bag 1n a patch-like fashion as

described by Ferguson 1in U.S. Pat. No. 4,755,403, or by using
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cross-ply or non-parallel layer constructions. Similarly, to
“artificially” enhance the puncture and other abuse or implo-
sion resistance characteristics of known film materials, food
packagers routinely wrap or cap exposed bone edges with
cloth, molded plastic articles or other materials.

Animportant shrink bundling and skin packaging property,
particularly for delicate 1items or items which tend to crush or
bend, such as paper goods, 1s the tension or force the film
exerts on the packaged article and/or board. This attribute 1s
known 1n the art as shrink tension, and films with too much
shrink tension 1variably yield shrink or skin packages with
unsightly buckling or board curl that in severe cases can
render the packaged good unusable for 1ts intended purpose.
In addition to being aesthetically unsightly, buckled or
warped goods are difficult to stack uniformly on display
shelves.

The film optical properties are often important for retail
“point-of-purchase” shrink, skin, stretch and vacuum wrap
packages. In some cases the better the contact and/or see-
through clarity, the lower internal film haze and the higher
film gloss or sparkleness, the more likely the package will
attract a potential purchaser for closer inspection. Further,
some consumers generally associate the package aesthetics,
which are chiefly predicated on the optical properties of the
packaging film, directly with the quality of the article to be
purchased.

Another important retail “point-of-purchase” requirement,
that 1s specific to stretch wrapping, 1s the ability of the film to
“snap back™ when deformed rather than retain the dents and
impressions left from inspections by prospective purchasers.
This attribute 1s predicated on the elastic recovery of the film
material, and when elastic recovery 1s sulliciently high, sub-
sequent prospective purchasers are not unnecessarily preju-
diced by the package appearing as if 1t had been handled and
repeatedly rejected.

Still another important film material characteristic, that
may aflect the overall success of all four packaging and
wrapping methods, 1s the extrusion processibility of the film
resin during film fabrication by well known bubble, cast or
sheet extrusion methods. Good processibility 1s manifested as
relatively low extrusion energy consumption, a smoother film
surface and as a stable bubble or web even at higher blow-up
ratios, draw rates and/or film thicknesses. There are numerous
benefits of a smoother, more stable film-making operation,
including film widths and thicknesses are generally more
uniform, the need to edge trim 1s reduced (which reduces
waste), winding and unwinding operations are typically
smoother, there are fewer film wrinkles, and the final package
quality or appearance 1s improved.

While high pressure polymerized ethylene homopolymers
and copolymers, such as low density polyethylene (LDPE)
and ethylene vinyl acetate (EVA) copolymers, generally
exhibit good processibility during extrusion as the conse-
quence ol having relatively high degrees of long chain
branching, linear olefin polymers such as linear low density
polyethylene (LLDPE) and ultra low density polyethylene
(ULDPE), which 1s alternatively known 1n the art as very low
density polyethylene (VLDPE), show fair-to-marginal pro-
cessibility even when fairly sophisticated extrusion screw
designs such as barrier screws, screws with Maddock mixing
sections, and other like variations are employed to better
homogenize or stabilize the polymer melt stream and allow
lower energy consumption and smoother polymer surfaces.
Further, in attempts to maximize the toughness characteris-
tics of known EVA, ULDPE and LLDPE materials, 1t 1s
common practice to employ very high molecular weight
grades, e.g. melt indices (I, as measured 1n accordance with
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ASTM D-1238 (190° C./2.16 kg)) of =0.5 g/10 minutes,
which ievitably adds to processibility difficulties.

To meet the diverse performance requirements involved 1n
all four packaging and wrapping methods, various {ilm mate-
rials have been used as single components and i blended
combinations for both monolayer and multilayer packaging.
For example, Smith 1 U.S. Pat. No. 5,032,463 discloses
biaxially stretched monolayer and multilayer films compris-
ing blends of ethylene/1-butene ultra low density polyethyl-
ene and ethylene/1-hexene ultra low density polyethylene.

As another example, Lustig et al. 1n U.S. Pat. No. 5,059,
481 describe biaxially oriented ultra low density polyethyl-
ene monolayer and multilayer packaging films with a barrier
core layer, an ethylene/vinyl acetate intermediate layer and
ULDPE/EVA blends as the outer layer. In U.S. Pat. No. 4,863,
769, Lustig et al. disclose the use these biaxially oriented ultra
low density films as bags for packaging frozen poultry, and 1n
U.S. Pat.No. 4,976,898, Lustig et al. disclose that the “double
bubble” method can be used to prepare the biaxially oriented
ultra low density polyethylene films.

In another example, Botto et al. 1n European Patent Appli-
cation 0 243 510 and U.S. Pat. No. 4,963,427 describes a
multilayer skin packaging film consisting of an 1onomer, EVA
and HDPE that 1s particularly useful for vacuum skin pack-
aging of food.

While prior art film materials have varying degrees of
toughness, implosion resistance, low temperature shrinking
characteristics, and bag making heat sealing performances,
even tougher film matenals are desired in shrink, skin and
vacuum packaging for reduced bag punctures or for main-
taining puncture resistance levels when down-gauging film
thicknesses for environmental source reduction purposes,
cost-effectiveness or other considerations. Moreover, while
low density polyethylene (LDPE) produced via free radical,
high pressure polymerization of ethylene performs satisfac-
torily 1n industrial (transit) shrink and skin packaging appli-
cations, the optical propertiecs of LDPE generally are not
satisfactory for consumer retail packaging applications and 1n
the instance of retail skin packaging, packagers are left to rely
on expensive film matenals, such as Surlyn™ 1onomers sup-
plied by E. I Dupont, for the desired optical appeal. However,
even the expensive 1onomer products show skin packaging
deficiencies such as poor biaxial tear/cut resistance and msui-
ficient drawability that can yield aesthetically unpleasing
ridges and/or bridges when multiple 1tems are packaged on a
single paperboard.

Although having poor tear/cut resistance in both the
machine and transverse directions 1s clearly an 1onomer dis-
advantage, there 1s benefit to reduced tear/cut resistance 1n
one direction or another, 1.e., to facilitate easy opening of the
package while maintaiming its tamper-evident quality.

The search for an alternative to polyvinyl chloride (PVC)
films for stretch wrap for food 1s another example of packag-
ers having to rely on expensive film materials. Such alterna-
tives have typically been olefin multilayer film. The search 1s
important, however, because PVC has undesirable plasticizer
migration tendencies as well as a growing environmental
concern regarding chlorinated polymers i general. While
various multilayer films have been disclosed (for example, in
U.S. Pat. Nos. 5,112,674 and 5,006,398, and 1n EPO 0 243
965, EPO 0 333 308, and EPO 0 404 969) with similar
snap-back or elastic recovery as PVC, many of these solutions
involve coextrusions with ethylene copolymers such as eth-
ylene vinyl acetate (EVA) and ethylene acrylic acid (EAA)
copolymers. Use of these polar copolymers presents process-
ing limitations including thermal stability and recycle/trim
incompatibility.
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Another desired improvement over known olefin polymers
1s disclosed in EPO 0 404 368 where Ziegler catalyzed eth-
ylene .alpha.-olefin copolymers, such as ethylene/1-butene,
cthylene/1-hexene, and ethylene/l1-octene copolymers are
shown to require blending with LDPE to provide film mate-
rials with adequate shrink properties (especially 1n the cross
direction) when processed via simple blown film extrusion.

In providing film maternials with improved toughness and
abuse or implosion resistance characteristics for shrink pack-
aging, good low temperature heat-shrink performance in both
the machine and cross directions must also be provided. Also,
for shrink and skin packages void of excessive curl or
warpage, shrink tension must be maintained at a low level,
and to achieve the desired free shrink characteristics, the film
material must possess the morphology and be strong enough
to withstand the physical biaxial stretching that occurs during
f1lm fabrication 1n the simple bubble extrusion process or 1n
more elaborate processes such as the double bubble process
described by Pahlke 1n U.S. Pat. No. 3,555,604, the disclosure
of which 1s incorporated herein by reference. Improved film
materials must also exhibit good processibility and optical
properties relative to known film materials, and particularly,
relative to the very low density polyethylene (VLDPE) mate-
rials and films disclosed by Lustig et al. 1n U.S. Pat. Nos.
5,059,481 4,863,769; and 4,976,898.

Mitsui Petrochemical has been selling products prepared
by polymerizing ethylene and a higher a-olefin under the
trademark “Tafmer™” for more than a decade that are con-
sidered to be a class of very low modulus VLDPE matenials.
Some of the Tatmer™ grades have been marketed for use 1n
multilayer film packaging structures. For example, U.S. Pat.
No. 4,429,079 (Shibata et al.) assigned to Mitsui Petrochemi-
cal Industries, the disclosure of which 1s incorporated herein
by reference, discloses a composition 1n which a random
cthylene copolymer (conventional LLDPE having one, two or
more melting points from 115° C. to 130° C. labeled as
component (A) i1s blended with another random ethylene
copolymer (one having a single melting point from 40° C. to
100° C.), labeled as component (B) to provide compositions
where component (B) does not exceed 60 percent by weight
ol the total composition with improved properties, 1n particu-
lar, improved low-temperature heat sealability and flexural
toughness for resisting pinhole formation during handling.
However, with improved heat sealability and flexibility not-
withstanding, Tatmer™ products are not generally recog-
nized or marketed as having excellent abuse resistance prop-
erties and shrink characteristics. The Tafmer™ products
having a single melting point are homogeneously branched
linear polyethylenes which were earlier described by Elston
in U.S. Pat. No. 3,645,992 and are made by a related poly-
merization process using vanadium catalysts.

Exxon Chemical Company has recently introduced prod-
ucts similar to Mitsu1 Petrochemical’s Tatmer™ products
which Exxon prepared by polymerizing ethylene and an
a.-olefin (e.g., 1-butene n)-hexene) 1n the presence of a single
site metallocene catalyst. In a paper presented on Sep. 22-27,
1991 at the 1991 IEEE Power Engineering Society Transmis-
sion and Distribution Conference (“New Specialty Linear
Polymers (SLP) For Power Cables™, printed in the proceed-
ings on pp. 184-190) 1n Dallas, Tex., Monica Hendewerk and
Lawrence Spenadel, of Exxon Chemical Company, reported
that Exxon’s Exact™ polyolefins polymers, said to be pro-
duced using single site metallocene catalyst technology, are
useiul 1n wire and cable coating applications. Also, i the
1991 Polymers, Laminations & Coatings Conference Pro-
ceedings, pp. 289-296 (“A New Family of Linear Ethylene
Polymers Provides Enhanced Sealing Performance” by Dirk
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G. F. Van der Sanden and Richard W. Halle, (also published 1n
February 1992 TAPPI Journal)), and in ANTEC *92 Proceed-

ings, pp. 154-158 (“Exact™ Linear Ethylene Polymers for
Enhanced Sealing Performance” by D. Van der Sanden and R.
W. Halle), Exxon Chemical describe their new narrow
molecular weight distribution polymers made using a single
site metallocene catalyst as “linear backbone resins contain-
ing no functional or long chain branches.” Films made from
the polymers produced by Exxon are also said to have advan-
tages 1n sealing characteristics as measured by hot-tack and
heat-seal curves, but these publications do not discuss shrink
characteristics. The new Exxon polymers are said to be linear
and to have narrow molecular weight distributions, and,
because of the narrow molecular weight distribution, are also
said to have “the potential for melt fracture.” Exxon Chemaical
acknowledged that *“1t 1s well known that narrow-MWD poly-
mers are somewhat more difficult to process”.

Accordingly, although many materials are employed for
film applications such as tlexible packaging or wrapping pur-
poses, the need still exists for compositions suitable for pack-
aging films and bags or wraps fabricated therefrom, with
particular improvements needed in, for example, recovery,
shrink characteristics, vacuum drawability abuse or implo-
s10n resistance and processibility relative to the VLDPE ole-

fin polymers with linear backbones such as those described
by Lustig et al. 1n U.S. Pat. Nos. 4,863,769; 4,976,898 and

5,059.481.

The invention relates to a number of compositions suitable
for film structures. The compositions comprise one or more
cthylene/o-olefin multi-block interpolymers. The composi-
tions can further comprise one or more other polymers, as
well as, one or more additives. Suitable film structures
include both monolayer and multilayer films.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows the melting point/density relationship for the
inventive polymers (represented by diamonds) as compared
to traditional random copolymers (represented by circles) and
Ziegler-Natta copolymers (represented by triangles).

FIG. 2 shows plots of delta DSC-CRYSTAF as a function
of DSC Melt Enthalpy for various polymers. The diamonds
represent random ethylene/octene copolymers; the squares
represent polymer examples 1-4; the triangles represent poly-
mer examples 3-9; and the circles represent polymer
examples 10-19. The “X” symbols represent polymer
examples A*-F*,

FIG. 3 shows the effect of density on elastic recovery for
unoriented films made from inventive interpolymers(repre-
sented by the squares and circles) and traditional copolymers
(represented by the triangles which are various Dow AFFIN-
ITY® polymers). The squares represent inventive ethylene/
butene copolymers; and the circles represent inventive ethyl-
ene/octene copolymers.

FIG. 4 1s a plot of octene content of TREF fractionated
cthylene/1-octene copolymer fractions versus TREF elution
temperature of the fraction for the polymer of Example 5
(represented by the circles) and comparative polymers E and
F (represented by the “X” symbols). The diamonds represent
traditional random ethylene/octene copolymers.

FIG. 5 1s a plot of octene content of TREF fractionated
cthylene/1-octene copolymer fractions versus TREF elution
temperature of the fraction for the polymer of Example 3
(curve 1) and for comparative F (curve 2). The squares rep-
resent Example F*; and the triangles represent Example 5.

FIG. 6 1s a graph of the log of storage modulus as a function
of temperature for comparative ethylene/1-octene copolymer
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(curve 2) and propylene/ethylene-copolymer (curve 3) and
for two ethylene/1-octene block copolymers of the invention
made with differing quantities of chain shuttling agent
(curves 1).

FIG. 7 shows a plot of TMA (1 mm) versus flex modulus
for some inventive polymers (represented by the diamonds),
as compared to some known polymers. The triangles repre-
sent various Dow VERSIFY® polymers; the circles represent
various random ethylene/styrene copolymers; and the
squares represent various Dow AFFINITY® polymers.

DETAILED DESCRIPTION OF THE INVENTION

General Definitions

“Polymer” means a polymeric compound prepared by
polymerizing monomers, whether of the same or a different
type. The generic term “polymer” embraces the terms
“homopolymer,” “copolymer,” “terpolymer” as well as
“interpolymer.”

“Interpolymer’” means a polymer prepared by the polymer-
ization of at least two different types of monomers. The
generic term “interpolymer” includes the term “copolymer™
(which 1s usually employed to refer to a polymer prepared
from two different monomers) as well as the term “terpoly-
mer” (which 1s usually employed to refer to a polymer pre-
pared from three different types ol monomers). It also encom-
passes polymers made by polymerizing four or more types of
monomers.

The term “ethylene/c-olefin interpolymer” generally
refers to polymers comprising ethylene and an a.-olefin hav-
ing 3 or more carbon atoms. Preferably, ethylene comprises
the majority mole fraction of the whole polymer, 1.¢., ethylene
comprises at least about 50 mole percent of the whole poly-
mer. More preferably ethylene comprises at least about 60
mole percent, at least about 70 mole percent, or at least about
80 mole percent, with the substantial remainder of the whole
polymer comprising at least one other comonomer that 1s
preferably an a-olefin having 3 or more carbon atoms. For
many ethylene/octene copolymers, the preferred composition
comprises an ethylene content greater than about 80 mole
percent of the whole polymer and an octene content of from
about 10 to about 13, preferably from about 15 to about 20
mole percent of the whole polymer. In some embodiments,
the ethylene/a-olefin interpolymers do not include those pro-
duced in low yields or 1n a minor amount or as a by-product of
a chemical process. While the ethylene/ca-olefin interpoly-
mers can be blended with one or more polymers, the as-
produced ethylene/a-olefin interpolymers are substantially
pure and often comprise a major component of the reaction
product of a polymerization process.

The ethylene/a-olefin interpolymers comprise ethylene
and one or more copolymerizable a-olefin comonomers 1n
polymerized form, characterized by multiple blocks or seg-
ments of two or more polymerized monomer units differing in
chemical or physical properties. That1s, the ethylene/c.-olefin
interpolymers are block interpolymers, preferably multi-
block interpolymers or copolymers. The terms “interpoly-
mer” and copolymer” are used interchangeably herein. In
some embodiments, the multi-block copolymer can be rep-
resented by the following formula:

22 4

(AB),

where n 1s at least 1, preferably an integer greater than 1, such
as 2, 3,4, 5,10, 15, 20, 30, 40, 50, 60, 70, 80, 90, 100, or
higher, “A” represents a hard block or segment and “B” rep-
resents a soft block or segment. Preferably, As and Bs are
linked 1n a substantially linear fashion, as opposed to a sub-
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stantially branched or substantially star-shaped fashion. In
other embodiments, A blocks and B blocks are randomly
distributed along the polymer chain. In other words, the block
copolymers usually do not have a structure as follows.

AAA-AA-BBB-BB

In still other embodiments, the block copolymers do not
usually have a third type of block, which comprises different
comonomer(s). In yet other embodiments, each of block A
and block B has monomers or comonomers substantially
randomly distributed within the block. In other words, neither
block A nor block B comprises two or more sub-segments (or
sub-blocks) of distinct composition, such as a tip segment,

which has a substantially different composition than the rest
ol the block.

The multi-block polymers typically comprise various
amounts of “hard” and “soft” segments. “Hard” segments
refer to blocks of polymerized unmits 1n which ethylene 1s
present in an amount greater than about 95 weight percent,
and preferably greater than about 98 weight percent based on
the weight of the polymer. In other words, the comonomer
content (content of monomers other than ethylene) 1n the hard
segments 1s less than about 5 weight percent, and preferably
less than about 2 weight percent based on the weight of the
polymer. In some embodiments, the hard segments comprises
all or substantially all ethylene. “Soft” segments, on the other
hand, refer to blocks of polymerized units in which the
comonomer content (content of monomers other than ethyl-
ene) 1s greater than about 5 weight percent, preferably greater
than about 8 weight percent, greater than about 10 weight
percent, or greater than about 15 weight percent based on the
weight of the polymer. In some embodiments, the comono-
mer content 1n the soit segments can be greater than about 20
welght percent, greater than about 25 weight percent, greater
than about 30 weight percent, greater than about 35 weight
percent, greater than about 40 weight percent, greater than
about 45 weight percent, greater than about 50 weight per-
cent, or greater than about 60 weight percent.

The soft segments can often be present in a block inter-
polymer from about 1 weight percent to about 99 weight
percent of the total weight of the block interpolymer, preter-
ably from about 5 weight percent to about 95 weight percent,
from about 10 weight percent to about 90 weight percent,
from about 15 weight percent to about 85 weight percent,
from about 20 weight percent to about 80 weight percent,
from about 25 weight percent to about 75 weight percent,
from about 30 weight percent to about 70 weight percent,
from about 35 weight percent to about 65 weight percent,
from about 40 weight percent to about 60 weight percent, or
from about 45 weight percent to about 55 weight percent of
the total weight of the block iterpolymer. Conversely, the
hard segments can be present 1n similar ranges. The soft
segment weight percentage and the hard segment weight per-
centage can be calculated based on data obtained from DSC
or NMR. Such methods and calculations are disclosed 1n a
concurrently filed U.S. patent application Ser. No. 11/376,
835, entitled “Ethylene/.alpha.-Olefin Block Interpolymers™,
filed on Mar. 15, 2006, 1n the name of Colin L.. P. Shan, L.onnie
Hazlitt, et. al. and assigned to Dow Global Technologies Inc.,
the disclose of which 1s incorporated by reference herein 1n its
entirety.

The term “crystalline” 1f employed, refers to a polymer that
possesses a first order transition or crystalline melting point
(I'm) as determined by differential scanning calorimetry
(DSC) or equivalent technique. The term may be used inter-
changeably with the term “semicrystalline”. The term *“amor-
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phous™ refers to a polymer lacking a crystalline melting point
as determined by differential scanning calorimetry (DSC) or
equivalent technique.

The term “multi-block copolymer” or “segmented copoly-
mer” refers to a polymer comprising two or more chemically
distinct regions or segments (referred to as “blocks™) prefer-
ably joined 1n a linear manner, that 1s, a polymer comprising
chemically differentiated units which are joined end-to-end
with respect to polymerized ethylenic functionality, rather
than 1 pendent or grafted fashion. In a preferred embodi-
ment, the blocks differ in the amount or type of comonomer
incorporated therein, the density, the amount of crystallinity,
the crystallite size attributable to a polymer of such compo-
sition, the type or degree of tacticity (isotactic or syndiotac-
tic), regio-regularity or regio-irregularity, the amount of
branching, including long chain branching or hyper-branch-
ing, the homogeneity, or any other chemical or physical prop-
erty. The multi-block copolymers are characterized by unique
distributions of both polydispersity index (PDI or Mw/Mn),
block length distribution, and/or block number distribution
due to the unique process making of the copolymers. More
specifically, when produced in a continuous process, the
polymers desirably possess PDI from 1.7 to 2.9, preferably
from 1.8 to 2.5, more preferably from 1.8 to 2.2, and most
preferably from 1.8 to 2.1. When produced 1n a batch or
semi-batch process, the polymers possess PDI from 1.0 to
2.9, preferably from 1.3 to 2.5, more preferably from 1.4 to
2.0, and most pretferably from 1.4 to 1.8.

In the following description, all numbers disclosed herein
are approximate values, regardless whether the word “about™
or “approximate’ 1s used 1n connection therewith. They may
vary by 1 percent, 2 percent, 5 percent, or, sometimes, 10to 20
percent. Whenever a numerical range with a lower limit, R”
and an upper limit, R", is disclosed, any number falling
within the range i1s specifically disclosed. In particular, the
following numbers within the range are specifically dis-
closed: R=R"+k*(R“"—R"), wherein k is a variable ranging
from 1 percent to 100 percent with a 1 percent increment, 1.¢.,
k 1s 1 percent, 2 percent, 3 percent, 4 percent, 5 percent, . . .,
d0percent, 51 percent, 52 percent, . . ., 95 percent, 96 percent,
0’7 percent, 98 percent, 99 percent, or 100 percent. Moreover,
any numerical range defined by two R numbers as defined 1n
the above 1s also specifically disclosed.

Ethylene/a.-Olefin Interpolymers

The ethylene/a-olefin interpolymers used 1n embodiments
of the invention (also referred to as “inventive interpolymer™
or “inventive polymer”) comprise ethylene and one or more
copolymerizable a-olefin comonomers 1n polymerized form,
characterized by multiple blocks or segments of two or more
polymerized monomer units ditfering 1n chemical or physical
properties (block interpolymer), preferably a multi-block
copolymer. The ethylene/o-olefin interpolymers are charac-
terized by one or more of the aspects described as follows.

In one aspect, the ethylene/a-olefin imnterpolymers used in
embodiments of the invention havea M /M, from about 1.7
to about 3.5 and at least one melting point, T . in degrees
Cels1us and density, d, in grams/cubic centimeter, wherein the
numerical values of the variables correspond to the relation-

ship:
T >-2002.944538.5(d)-2422.2(d)?, and preferably

T =-6288.1+13141(d)-6720.3(d)?, and more prefer-
ably

T =858.91-1825.3(d)+1112.8(d)°.

Such melting point/density relationship is illustrated 1n
FIG. 1. Unlike the traditional random copolymers of ethyl-
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ene/c-olefins whose melting points decrease with decreasing
densities, the inventive interpolymers (represented by dia-
monds) exhibit melting points substantially independent of
the density, particularly when density 1s between about 0.87
g/ccto about0.95 g/cc. For example, the melting point of such
polymers are 1n the range of about 110° C. to about 130° C.
when density ranges from 0.875 g/cc to about 0.945 g/cc. In
some embodiments, the melting point of such polymers are 1n
the range of about 115° C. to about 125° C. when density
ranges from 0.875 g/cc to about 0.945 g/cc.

In another aspect, the ethylene/a-olefin interpolymers
comprise, 1n polymerized form, ethylene and one or more
a.-olefins and are characterized by a AT, in degree Celsius,
defined as the temperature for the tallest Differential Scan-
ning Calornmetry (“DSC”) peak minus the temperature for
the tallest Crystallization Analysis Fractionation (“CRYS-
TAF”) peak and a heat of fusion 1n J/'g, AH, and AT and AH

satisly the following relationships:

AT>-0.1299(AH)+62.81, and preferably

AT=-0.1299(AH)+64.3%8, and more preferably

AT=-0.1299(AH)+65.95,

for AHup to 130 J/g. Moreover, AT 1s equal to or greater than
48° C. for AH greater than 130 J/g. The CRYSTAF peak 1s
determined using at least 5 percent of the cumulative polymer
(that 1s, the peak must represent at least 5 percent of the
cumulative polymer), and 1f less than 5 percent of the polymer
has an 1dentifiable CRYSTAF peak, then the CRYSTAF tem-
perature 1s 30° C., and AH 1s the numerical value of the heat
of fusion 1n J/g. More preferably, the highest CRY STAF peak
contains at least 10 percent of the cumulative polymer. FIG. 2
shows plotted data for inventive polymers as well as compara-
tive examples. Integrated peak areas and peak temperatures
are calculated by the computerized drawing program sup-
plied by the instrument maker. The diagonal line shown for
the random ethylene octene comparative polymers corre-
sponds to the equation AT=-0.1299 (AH)+62.81.

In yet another aspect, the ethylene/a-olefin interpolymers
have a molecular fraction which elutes between 40° C. and
130° C. when fractionated using Temperature Rising Elution
Fractionation (“TREF”), characterized in that said fraction
has a molar comonomer content higher, preferably at least 5
percent higher, more preferably at least 10 percent higher,
than that of a comparable random ethylene interpolymer frac-
tion eluting between the same temperatures, wherein the
comparable random ethylene interpolymer contains the same
comonomer(s), and has a melt index, density, and molar
comonomer content (based on the whole polymer) within 10
percent of that of the block interpolymer. Preferably, the
Mw/Mn of the comparable interpolymer 1s also within 10
percent of that of the block mterpolymer and/or the compa-
rable interpolymer has a total comonomer content within 10
weilght percent of that of the block interpolymer.

In st1ll another aspect, the ethylene/o-olefin interpolymers
are characterized by an elastic recovery, Re, 1n percent at 300
percent strain and 1 cycle measured on a compression-
molded film of an ethylene/c.-olefin interpolymer, and has a
density, d, in grams/cubic centimeter, wherein the numerical
values of Re and d satisiy the following relationship when
cthylene/a-olefin 1nterpolymer 1s substantially free of a
cross-linked phase:

Re>1481-1629(d); and preferably

Re=1491-1629(d); and more preferably
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Re=1501-1629(d); and even more preferably

Re=1511-1629(d).

FIG. 3 shows the effect of density on elastic recovery for
unoriented films made from certain iventive iterpolymers
and traditional random copolymers. For the same density, the
inventive iterpolymers have substantially higher elastic
recoveries.

In some embodiments, the ethylene/a-olefin nterpoly-
mers have a tensile strength above 10 MPa, preferably a
tensile strength=11 MPa, more preferably a tensile
strength=13 MPa and/or an elongation at break of at least 600
percent, more preferably at least 700 percent, highly pretfer-
ably at least 800 percent, and most highly preferably at least
900 percent at a crosshead separation rate of 11 cm/minute.

In other embodiments, the ethylene/a-olefin interpolymers
have (1) a storage modulus ratio, G'(25° C.)/G'(100° C.), of
from 1 to 30, preferably from 1 to 20, more preferably from 1
to 10; and/or (2) a 70° C. compression set of less than 80
percent, preferably less than 70 percent, especially less than
60 percent, less than 50 percent, or less than 40 percent, down
to a compression set of O percent.

In st1ll other embodiments, the ethylene/a-olefin interpoly-
mers have a 70° C. compression set of less than 80 percent,
less than 70 percent, less than 60 percent, or less than 50
percent. Preferably, the 70° C. compression set of the inter-
polymers 1s less than 40 percent, less than 30 percent, less
than 20 percent, and may go down to about O percent.

In some embodiments, the ethylene/c-olefin interpoly-
mers have a heat of fusion of less than 85 J/g and/or a pellet
blocking strength of equal to or less than 100 pounds/foot”
(4800 Pa), preferably equal to or less than 50 Ibs/ft* (2400 Pa),
especially equal to or less than 5 Ibs/ft* (240 Pa), and as low
as 0 Ibs/ft* (0 Pa).

In other embodiments, the ethylene/a.-olefin interpolymers
comprise, 1 polymerized form, at least 50 mole percent eth-
ylene and have a 70° C. compression set of less than 80
percent, preferably less than 70 percent or less than 60 per-
cent, most preferably less than 40 to 50 percent and down to
close zero percent.

In some embodiments, the multi-block copolymers pos-
sess a PDI fitting a Schultz-Flory distribution rather than a
Poisson distribution. The copolymers are further character-
1zed as having both a polydisperse block distribution and a
polydisperse distribution of block sizes and possessing a most
probable distribution of block lengths. Preferred multi-block
copolymers are those containing 4 or more blocks or seg-
ments including terminal blocks. More preferably, the
copolymers include at least 5, 10 or 20 blocks or segments
including terminal blocks.

Comonomer content may be measured using any suitable
technique, with techniques based on nuclear magnetic reso-
nance (“NMR?”) spectroscopy preterred. Moreover, for poly-
mers or blends of polymers having relatively broad TREF
curves, the polymer desirably 1s first fractionated using TREF
into fractions each having an eluted temperature range of 10°
C. or less. That 1s, each eluted fraction has a collection tem-
perature window ol 10° C. or less. Using this technique, said
block interpolymers have at least one such fraction having a
higher molar comonomer content than a corresponding frac-
tion of the comparable interpolymer.

In another aspect, the inventive polymer 1s an olefin inter-
polymer, preferably comprising ethylene and one or more
copolymerizable comonomers in polymerized form, charac-
terized by multiple blocks (1.e., at least two blocks) or seg-
ments of two or more polymerized monomer units differing in
chemical or physical properties (blocked interpolymer), most
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preferably a multi-block copolymer, said block interpolymer
having a peak (but not just a molecular fraction) which elutes
between 40° C. and 130° C. (but without collecting and/or
1solating individual fractions), characterized in that said peak,
has a comonomer content estimated by infra-red spectros-
copy when expanded using a full width/half maximum
(FWHM) area calculation, has an average molar comonomer
content higher, preferably at least 5 percent higher, more
preferably at least 10 percent higher, than that of a compa-
rable random ethylene interpolymer peak at the same elution
temperature and expanded using a full width/half maximum
(FWHM) area calculation, wherein said comparable random
cthylene interpolymer has the same comonomer(s) and has a
melt index, density, and molar comonomer content (based on
the whole polymer) within 10 percent of that of the blocked
interpolymer. Preferably, the Mw/Mn of the comparable
interpolymer 1s also within 10 percent of that of the blocked
interpolymer and/or the comparable interpolymer has a total
comonomer content within 10 weight percent of that of the
blocked interpolymer. The 1full width/half maximum
(FWHM) calculation 1s based on the ratio of methyl to meth-
ylene response area [CH,;/CH,] from the ATREF infra-red
detector, wherein the tallest (highest) peak 1s 1dentified from
the base line, and then the FWHM area 1s determined. For a
distribution measured using an ATREF peak, the FWHM area
1s defined as the area under the curve between T, and T,
where T, and T, are points determined, to the left and right of
the ATREF peak, by dividing the peak height by two, and then
drawing a line horizontal to the base line, that intersects the
lett and rnight portions of the ATREF curve. A calibration
curve for comonomer content 1s made using random ethyl-
ene/o-olefin copolymers, plotting comonomer content from
NMR versus FWHM area ratio of the TREF peak. For this
inira-red method, the calibration curve 1s generated for the
same comonomer type of interest. The comonomer content of
TREF peak of the mventive polymer can be determined by
referencing this calibration curve using its FWHM methyl:
methylene area ratio [CH;/CH, ] of the TREF peak.

Comonomer content may be measured using any suitable
technique, with techniques based on nuclear magnetic reso-
nance (NMR) spectroscopy preferred. Using this technique,
said blocked interpolymers has higher molar comonomer
content than a corresponding comparable interpolymer.

Preferably, for interpolymers of ethylene and 1-octene, the
block interpolymer has a comonomer content of the TREF
fraction eluting between 40 and 130° C. greater than or equal
to the quantity (-0.2013) T+20.07, more preferably greater
than or equal to the quantity (-0.2013) T+21.07, where T 1s
the numerical value of the peak elution temperature of the
TREF fraction being compared, measured 1n ° C.

FIG. 4 graphically depicts an embodiment of the block
interpolymers of ethylene and 1-octene where a plot of the
comonomer content versus TREF elution temperature for
several comparable ethylene/1-octene interpolymers (ran-
dom copolymers) are fit to a line representing (—-0.2013)
T+20.07 (solid line). The line for the equation (-0.2013)
T+21.07 1s depicted by a dotted line. Also depicted are the
comonomer contents for fractions of several block ethylene/
1 -octene mterpolymers of the invention (multi-block copoly-
mers). All of the block interpolymer fractions have signifi-
cantly higher 1-octene content than either line at equivalent
clution temperatures. This result1s characteristic of the inven-
tive mnterpolymer and 1s believed to be due to the presence of
differentiated blocks within the polymer chains, having both
crystalline and amorphous nature.

FIG. 5§ graphically displays the TREF curve and comono-
mer contents of polymer fractions for Example 5 and com-




US 8,816,006 B2

13

parative F to be discussed below. The peak eluting from 40 to
130° C., preferably from 60° C. to 95° C. for both polymers 1s
fractionated 1nto three parts, each part eluting over a tempera-
ture range of less than 10° C. Actual data for Example 5 1s
represented by triangles. The skilled artisan can appreciate
that an appropriate calibration curve may be constructed for
interpolymers containing different comonomers and a line
used as a comparison fitted to the TREF values obtained from
comparative iterpolymers of the same monomers, prefer-
ably random copolymers made using a metallocene or other
homogeneous catalyst composition. Inventive interpolymers
are characterized by a molar comonomer content greater than
the value determined from the calibration curve at the same
TREF elution temperature, preferably at least 5 percent
greater, more preferably at least 10 percent greater.

In addition to the above aspects and properties described
herein, the inventive polymers can be characterized by one or
more additional characteristics. In one aspect, the inventive
polymer 1s an olefin interpolymer, preferably comprising eth-
ylene and one or more copolymerizable comonomers 1n poly-
merized form, characterized by multiple blocks or segments
of two or more polymerized monomer umts differing in
chemical or physical properties (blocked interpolymer), most
preferably a multi-block copolymer, said block interpolymer
having a molecular fraction which elutes between 40° C. and
130° C., when fractionated using TREF increments, charac-
terized 1n that said fraction has a molar comonomer content
higher, preferably at least 5 percent higher, more preferably at
least 10, 15, 20 or 25 percent higher, than that of a comparable
random ethylene interpolymer fraction eluting between the
same temperatures, wherein said comparable random ethyl-
ene interpolymer comprises the same comonomer(s), prefer-
ably 1t 1s the same comonomer(s), and a melt index, density,
and molar comonomer content (based on the whole polymer)
within 10 percent of that of the blocked interpolymer. Pret-
erably, the Mw/Mn of the comparable mterpolymer is also
within 10 percent of that of the blocked interpolymer and/or
the comparable interpolymer has a total comonomer content
within 10 weight percent of that of the blocked interpolymer.

Preferably, the above interpolymers are interpolymers of
cthylene and at least one c-olefin, especially those interpoly-
mers having a whole polymer density from about 0.855 to
about 0.935 g/cm”, and more especially for polymers having
more than about 1 mole percent comonomer, the blocked
interpolymer has a comonomer content of the TREF fraction
cluting between 40 and 130° C. greater than or equal to the
quantity (—0.1356) T+13.89, more preferably greater than or
equal to the quantity (-0.1356)T+14.93, and most preferably
greater than or equal to the quantity (-0.2013) T+21.07,
where T 1s the numerical value of the peak ATREF elution
temperature of the TREF fraction being compared, measured
in ° C.

Preferably, for the above interpolymers of ethylene and at
least one alpha-olefin especially those interpolymers having a
whole polymer density from about 0.855 to about 0.935
g/cm”, and more especially for polymers having more than
about 1 mole percent comonomer, the blocked interpolymer
has a comonomer content of the TREF fraction eluting
between 40 and 130° C. greater than or equal to the quantity
(=0.2013) T+20.07, more preferably greater than or equal to
the quantity (=0.2013) T+21.07, where T 1s the numerical
value of the peak elution temperature of the TREF fraction
being compared, measured 1n ° C.

In still another aspect, the inventive polymer 1s an olefin
interpolymer, preferably comprising ethylene and one or
more copolymerizable comonomers 1n polymerized form,
characterized by multiple blocks or segments of two or more
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[l

polymerized monomer units differing in chemical or physical
properties (blocked interpolymer), most preferably a multi-
block copolymer, said block interpolymer having a molecular
fraction which elutes between 40° C. and 130° C., when
fractionated using TREF increments, characterized in that
every fraction having a comonomer content of at least about
6 mole percent, has a melting point greater than about 100° C.
For those fractions having a comonomer content from about
3 mole percent to about 6 mole percent, every fraction has a
DSC melting point of about 110° C. or higher. More prefer-
ably, said polymer fractions, having at least 1 mol percent
comonomer, has a DSC melting point that corresponds to the
equation:

Tm=(-5.5926)(mol percent comonomer in the frac-
tion)+135.90.

In yet another aspect, the inventive polymer 1s an olefin
interpolymer, preferably comprising ethylene and one or
more copolymerizable comonomers 1in polymerized form,
characterized by multiple blocks or segments of two or more
polymerized monomer units differing in chemical or physical
properties (blocked interpolymer), most preferably a multi-
block copolymer, said block interpolymer having a molecular
fraction which elutes between 40° C. and 130° C., when
fractionated using TREF increments, characterized in that
every fraction that has an ATREF elution temperature greater
than or equal to about 76° C., has a melt enthalpy (heat of
fusion) as measured by DSC, corresponding to the equation:

Heat of fusion (I/gm)=(3.1718)(ATREF elution tem-
perature i Celsius)-136.58,

The mventive block interpolymers have a molecular frac-
tion which elutes between 40° C. and 130° C., when fraction-
ated using TREF 1increments, characterized 1n that every frac-
tion that has an ATREF elution temperature between 40° C.
and less than about 76° C., has amelt enthalpy (heat of fusion)
as measured by DSC, corresponding to the equation:

Heat of fusion (J/gm)=(1.1312}(ATREF elution tem-
perature in Celsius)+22.97.

ATREF Peak Comonomer Composition Measurement by
Infra-Red Detector

The comonomer composition of the TREF peak can be
measured using an IR4 infra-red detector available from
Polymer Char, Valencia, Spain (http://www.polymerchar.
com/).

The “composition mode” of the detector 1s equipped with a
measurement sensor (CH,) and composition sensor (CH,)
that are fixed narrow band infra-red filters in the region of
2800-3000 cm™". The measurement sensor detects the meth-
ylene (CH,) carbons on the polymer (which directly relates to
the polymer concentration in solution) while the composition
sensor detects the methyl (CH;) groups of the polymer. The
mathematical ratio of the composition signal (CH,) divided
by the measurement signal (CH,) 1s sensitive to the comono-
mer content of the measured polymer in solution and 1its
response 1s calibrated with known ethylene alpha-olefin
copolymer standards.

The detector when used with an ATREF instrument pro-
vides both a concentration (CH,) and composition (CH;)
signal response of the eluted polymer during the TREF pro-
cess. A polymer specific calibration can be created by mea-
suring the area ratio of the CH, to CH, for polymers with
known comonomer content (preferably measured by NMR).
The comonomer content of an ATREF peak of a polymer can
be estimated by applying a the reference calibration of the
ratio of the areas for the individual CH, and CH, response (1.€.
area ratio CH,/CH,, versus comonomer content).
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The area of the peaks can be calculated using a full width/
half maximum (FWHM) calculation after applying the appro-
priate baselines to integrate the individual signal responses
from the TREF chromatogram. The full width/half maximum
calculation 1s based on the ratio of methyl to methylene
response area [CH;/CH, | from the ATREF 1nfra-red detector,
wherein the tallest (highest) peak 1s identified from the base
line, and then the FWHM area 1s determined. For a distribu-
tion measured using an ATREF peak, the FWHM area 1s
defined as the area under the curve between T1 and T2, where
T1 and T2 are points determined, to the left and right of the
ATREF peak, by dividing the peak height by two, and then
drawing a line horizontal to the base line, that intersects the
left and right portions of the ATREF curve.

The application of infra-red spectroscopy to measure the
comonomer content of polymers i1n this ATREF-infra-red
method 1s, 1n principle, similar to that of GPC/FTIR systems
as described in the following references: Markovich, Ronald
P.; Hazlitt, Lonnie G.; Smith, Linley; “Development of gel-
permeation chromatography-Fourier transform inirared
spectroscopy for characterization of ethylene-based polyole-
fin copolymers”. Polymeric Matenals Science and Engineer-
g (1991), 65 98 100.; and Deslauriers, P. 1.; Rehlﬁng,, D.
C.; Shieh, E. Quantlﬁrmg short chain branchmg micro-
structures n ethylene 1-olefin copolymers using size exclu-
sion chromatography and Fourier transform infrared spec-
troscopy (SEC-FTIR)”, Polymer (2002), 43, 59-170., both of
which are imcorporated by reference herein in their entirety.

In other embodiments, the mventive ethylene/a-olefin
interpolymer 1s characterized by an average block index, ABI,
which 1s greater than zero and up to about 1.0 and a molecular
weight distribution, M /M, greater than about 1.3. The aver-
age block index, ABI, 1s the weight average of the block index
(“BI”) for each of the polymer fractions obtained 1n prepara-
tive TREF from 20° C. and 110° C., with an increment of 5°
C.:

ABI==(w,BL)

where BI. 1s the block index for the 1th fraction of the inventive
et'lylene/ a-olefin 1interpolymer obtamned 1n preparative
TREF, and w, 1s the weight percentage of the 1th fraction.
For each pelymer fraction, Bl 1s defined by one of the two
tollowing equations (both of which give the same BI value):

/Ty —1/T
gi= UIx =1 Txo oy _

1/Ta—1/TasB

LIIPX — LHPXQ
Ll’lpf.al — LHPAB

where T ;- 1s the preparative ATREF elution temperature for
the 1th fraction (preferably expressed in Kelvin), P, 1s the
cthylene mole fraction for the ith fraction, which can be
measured by NMR or IR as described above. P, 1s the
cthylene mole fraction of the whole ethylene/a-olefin inter-
polymer (before fractionation), which also can be measured
by NMR orIR. T, and P , are the ATREF elution temperature
and the ethylene mole fraction for pure “hard segments”
(which refer to the crystalline segments of the interpolymer).
As a first order approximation, the T , and P , values are set to
those for high density polyethylene homopolymer, if the
actual values for the “hard segments™ are not available. For
calculations performed herein, T , 1s 372°K, P ,1s 1.

T , 5 1s the ATREF temperature for a random copolymer of
the same composition and having an ethylene mole fraction of
P ,5. T ,» can be calculated from the following equation:
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where o and [ are two constants which can be determined by
calibration using a number of known random ethylene
copolymers. It should be noted that a and {3 may vary from
imstrument to instrument. Moreover, one would need to create
their own calibration curve with the polymer composition of
interest and also 1n a similar molecular weight range as the
fractions. There 1s a slight molecular weight effect. It the
calibration curve 1s obtained from similar molecular weight
ranges, such effect would be essentially negligible. In some
embodiments, random ethylene copolymers satisiy the fol-
lowing relationship:

Ln P==237.83/T 7rz+0.639

T+, 1s the ATREF temperature for a random copolymer of the
same composition and having an ethylene mole fraction of
P.. T, can be calculated from LnP,=o/T ,+[3. Conversely,
P.., 1s the ethylene mole fraction for a random copolymer of
the same composition and having an ATREF temperature of
T+, which can be calculated from Ln P, ,=o/T +3.

Once the block index (BI) for each preparative TREF frac-
tion 1s obtained, the weight average block index, ABI, for the
whole polymer can be calculated. In some embodiments, ABI
1s greater than zero but less than about 0.3 or from about 0.1
to about 0.3. In other embodiments, ABI 1s greater than about
0.3 and up to about 1.0. Preferably, ABI should be 1n the range
of from about 0.4 to about 0.7, from about 0.5 to about 0.7, or
from about 0.6 to about 0.9. In some embodiments, ABI 1s 1n
the range of from about 0.3 to about 0.9, from about 0.3 to
bout 0.8, or from about 0.3 to about 0.7, from about 0.3 to
vout 0.6, from about 0.3 to about 0.5, or from about 0.3 to
bout 0.4. In other embodiments, ABI 1s 1n the range of from
bout 0.4 to about 1.0, from about 0.5 to about 1.0, or from
bout 0.6 to about 1.0, from about 0.7 to about 1.0, from about
0.8 to about 1.0, or from about 0.9 to about 1.0.

Another characteristic of the iventive ethylene/a.-olefin
interpolymer 1s that the inventive ethylene/o-olefin interpoly-
mer comprises at least one polymer fraction which can be
obtained by preparative TREF, wherein the fraction has a
block index greater than about 0.1 and up to about 1.0 and a
molecular weight distribution, M, /M , greater than about
1.3. In some embodiments, the polymer fraction has a block
index greater than about 0.6 and up to about 1.0, greater than
about 0.7 and up to about 1.0, greater than about 0.8 and up to
about 1.0, or greater than about 0.9 and up to about 1.0. In
other embodiments, the polymer fraction has a block index
greater than about 0.1 and up to about 1.0, greater than about
0.2 and up to about 1.0, greater than about 0.3 and up to about
1.0, greater than about 0.4 and up to about 1.0, or greater than
about 0.4 and up to about 1.0. In still other embodiments, the
polymer fraction has a block index greater than about 0.1 and
up to about 0.5, greater than about 0.2 and up to about 0.5,
greater than about 0.3 and up to about 0.5, or greater than
about 0.4 and up to about 0.5. In yet other embodiments, the
polymer fraction has a block index greater than about 0.2 and
up to about 0.9, greater than about 0.3 and up to about 0.8,
greater than about 0.4 and up to about 0.7, or greater than
about 0.5 and up to about 0.6.

For copolymers of ethylene and an o.-olefin, the inventive
polymers preferably possess (1) a PDI of at least 1.3, more
preferably at least 1.5, at least 1.7, or at least 2.0, and most
preferably at least 2.6, up to a maximum value of 5.0, more
preferably up to a maximum of 3.5, and especially up to a
maximum of 2.7; (2) a heat of fusion of 80 J/g or less; (3) an
cthylene content of at least 50 weight percent; (4) a glass
transition temperature, T, of less than —25° C., more prefer-

ably less than —30° C., and/or (5) one and only one T, .

Moo oD o N




US 8,816,006 B2

17

Further, the inventive polymers can have, alone or 1n com-
bination with any other properties disclosed herein, a storage
modulus, G', such that log (G') 1s greater than or equal to 400
kPa, preferably greater than or equal to 1.0 MPa, at a tem-
perature of 100° C. Moreover, the inventive polymers possess
a relatively flat storage modulus as a function of temperature
in the range from O to 100° C. (illustrated 1n FIG. 6) that 1s
characteristic of block copolymers, and heretofore unknown
for an olefin copolymer, especially a copolymer of ethylene
and one or more C,_, aliphatic a.-olefins. (By the term “rela-
tively flat” 1n this context 1s meant that log G' (in Pascals)
decreases by less than one order of magnitude between S0 and
100° C., preterably between 0 and 100° C.).

The 1nventive interpolymers may be further characterized
by a thermomechanical analysis penetration depth of 1 mm at

a temperature of at least 90° C. as well as a flexural modulus
of from 3 kpsi (20 MPa) to 13 kps1 (90 MPa). Alternatively,

the iventive interpolymers can have a thermomechanical
analysis penetration depth of 1 mm at a temperature of at least
104° C. as well as a flexural modulus of at least 3 kps1 (20
MPa). They may be characterized as having an abrasion resis-
tance (or volume loss) of less than 90 mm~. FIG. 7 shows the
TMA (1 mm) versus tlex modulus for the inventive polymers,
as compared to other known polymers. The inventive poly-
mers have significantly better flexibility-heat resistance bal-
ance than the other polymers.

Additionally, the ethylene/o-olefin interpolymers can have
a melt index, I, from 0.01 to 2000 g/10 minutes, preferably
from 0.01 to 1000 g/10 minutes, more preferably from 0.01 to
500 g/10 minutes, and especially from 0.01 to 100 g/10 min-
utes. In certain embodiments, the ethylene/a-olefin inter-
polymers have amelt index, 12, from 0.01 to 10 g/10 minutes,
from 0.5 to 50 g/10 minutes, from 1 to 30 g/10 minutes, from
1 to 6 g/10 minutes or from 0.3 to 10 g/10 minutes. In certain
embodiments, the melt index for the ethylene/a-olefin poly-
mers 1s 1 g/10 minutes, 3 g/10 minutes or 5 g/10 minutes.

The polymers can have molecular weights, Mw, from
1,000 g/mole to 5,000,000 g/mole, preferably from 1000
g/mole to 1,000,000, more preferably from 10,000 g/mole to
500,000 g/mole, and especially from 10,000 g/mole to 300,
000 g/mole. The density of the inventive polymers can be
from 0.80 to 0.99 g/cm” and preferably for ethylene contain-
ing polymers from 0.85 g/cm” to 0.97 g/cm’. In certain
embodiments, the density of the ethylene/a-olefin polymers
ranges from 0.860 to 0.925 g/cm” or 0.867 to 0.910 g/cm”.

The process of making the polymers has been disclosed in

the following patent applications: U.S. Provisional Applica-
tion No. 60/553,906, filed Mar. 17, 2004; U.S. Provisional

Application No. 60/662,937, filed Mar. 17, 2005; U.S. Pro-
visional Application No. 60/662,939, filed Mar. 17, 2005;
U.S. Provisional Application No. 60/5662938, filed Mar. 17,
2005; PCT Application No. PCT/US2005/008916, filed Mar.
17, 2005; PCT Application No. PCT/US2005/008915, filed
Mar. 17, 2005; and PCT Application No. PCT/US2005/
008917, filed Mar. 17, 2003, all of which are incorporated by
reference herein in their entirety. For example, one such
method comprises contacting ethylene and optionally one or
more addition polymerizable monomers other than ethylene
under addition polymerization conditions with a catalyst
composition comprising:

the admixture or reaction product resulting from combin-
ng:

(A) a first olefin polymerization catalyst having a high
comonomer mcorporation index,

(B) a second olefin polymerization catalyst having a
comonomer mcorporation mdex less than 90 percent, prefer-
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ably less than 50 percent, most preferably less than 5 percent
of the comonomer incorporation index of catalyst (A), and

(C) a chain shuttling agent.

Representative catalysts and chain shuttling agent are as
follows.

Catalyst (Al) 1s [N-(2,6-d1(1-methylethyl)phenyl)amido)
(2-1sopropylphenyl)(a-naphthalen-2-diyl(6-pyridin-2-diyl)
methane)]hatnium dimethyl, prepared according to the teach-
ings of WO 03/40195, 2003US0204017, U.S. Ser. No.

10/429,024, filed May 2, 2003, and WO 04/24740.

@\}_
ey
QY

/ \

(H,C),HO CH; CH;

(H3zC)HC

O
C

Catalyst (A2) 1s [N-(2,6-d1(1-methylethyl)phenyl)amido)
(2-methylphenyl)(1,2-phenylene-(6-pyridin-2-diyl ymeth-
ane)|hafmum dimethyl, prepared according to the teachings
of WO 03/40195, 2003US50204017, U.S. Ser. No. 10/429,
024, filed May 2, 2003, and WO 04/24740.

CH,
(H3C),HC CH
\
) {
Hi
i1
Tonie  CHs CHs

Catalyst (A3)1s bis|[N,N"'-(2,4,6-tri(imethylphenyl Jamido)
cthylenediamine Jhatnium dibenzyl.

H;C CHj;
(\N
/
HN = HfX, CH,
k/\N o
H;C
CHx
X = CH,C¢Hs

Catalyst (A4) 1s bis((2-oxoyl-3-(dibenzo-1H-pyrrole-1-
y1)-5-(methyl)phenyl)-2-phenoxymethyl )cyclohexane-1,2-
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diyl zirconium (IV) dibenzyl, prepared substantially accord-
ing to the teachings of US-A-2004/0010103.

H.C.CH, CH,CH:
- \ /

H;C CH;3

Catalyst (B1) 1s 1,2-b1s-(3,5-di-t-butylphenylene)(1-(IN-
(1-methylethyl)immino )methyl)(2-oxoyl)zirconium diben-
zyl

C(CHs)s
CH(CH3)3
ZI‘X2
(H3C)3C
/
CH(CH;3),
C(CH;3);
X =CH>CgxHs

Catalyst (B2) 1s 1,2-bis-(3,5-di-t-butylphenylene)(1-(IN-
(2-methylcyclohexyl)-immino )methyl)(2-oxoyl)zirconium
dibenzyl

/ C(CH3)3
4<\ />7C(CH3)3
z X,
(H3C)3C / \ / \
— CHj
C(CHz)3
X = CH,CgHs

Catalyst (C1) 1s (t-butylamido )dimethyl(3-N-pyrrolyl-1,2,
3,3a,7a-n-1nden-1-yl)silanetitanium dimethyl prepared sub-
stantially according to the techmques of U.S. Pat. No. 6,268,

(H3C)281 TI(CH3)2

C(CH3)3

Catalyst (C2) 1s (t-butylamido)di(4-methylphenyl)(2-me-
thyl-1,2,3,3a,7a-n-inden-1-yl)silanetitammum dimethyl pre
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pared substantially according to the teachings of US-A-2003/

004236:

HAC
Q CHs
Si\N Ti(CHy),
(L(CH3)3
H,C

Catalyst (C3) 1s (t-butylamido)di(4-methylphenyl)(2-me-
thyl-1,2,3,3a,8a-n-s-indacen-1-yl)silanetitanium  dimethyl
prepared substantially according to the teachings of US-A-
2003/004286:

o X
S\ Q

Catalyst (D1) 1s bis(dimethyldisiloxane)(indene-1-yl)zir-
conium dichloride available from Sigma-Aldrich:

H,C

N

(H3C),Si Z1Cl>.

Shuttling Agents The shuttling agents employed include
diethylzinc, di(i-butyl)zinc, di(n-hexyl)zinc, triethylalumi-
num, trioctylaluminum, triethylgallium, 1-butylaluminum bis
(dimethyl(t-butyl)siloxane), 1-butylaluminum bis(di(trimeth-
ylsilyl)amide), n-octylaluminum di(pyridine-2-methoxide),
bis(n-octadecyl)i-butylaluminum, 1-butylaluminum bis(di(n-
pentyl)amide), n-octylaluminum bis(2,6-di-t-butylphenox-
1ide, n-octylaluminum di(ethyl(1-naphthyl)amide), ethylalu-
minum bis(t-butyldimethylsiloxide), ethylaluminum di(bis
(trimethylsilyl)amide), ethylaluminum bis(2,3,6,7-dibenzo-
l-azacycloheptanecamide), n-octylaluminum bis(2,3,6,7-
dibenzo-1-azacycloheptaneamide), n-octylaluminum bis
(dimethyl(t-butyl)siloxide, ethylzinc(2,6-
diphenylphenoxide), and ethylzinc(t-butoxide).

Preferably, the foregoing process takes the form of a con-
tinuous solution process for forming block copolymers, espe-
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cially multi-block copolymers, preterably linear multi-block
copolymers of two or more monomers, more especially eth-
ylene and a C,_,, olefin or cycloolefin, and most especially
cthylene and a C_,, a.-olefin, using multiple catalysts that are
incapable of interconversion. That 1s, the catalysts are chemi-
cally distinct. Under continuous solution polymerization con-
ditions, the process 1s 1deally suited for polymerization of
mixtures of monomers at high monomer conversions. Under
these polymerization conditions, shuttling from the chain
shuttling agent to the catalyst becomes advantaged compared
to chain growth, and multi-block copolymers, especially lin-
car multi-block copolymers are formed 1n high efficiency.

The mventive interpolymers may be differentiated from
conventional, random copolymers, physical blends of poly-
mers, and block copolymers prepared via sequential mono-
mer addition, fluxional catalysts, anionic or cationic living
polymerization techniques. In particular, compared to a ran-
dom copolymer of the same monomers and monomer content
at equivalent crystallinity or modulus, the inventive interpoly-
mers have better (higher) heat resistance as measured by
melting point, higher TMA penetration temperature, higher
high-temperature tensile strength, and/or higher high-tem-
perature torsion storage modulus as determined by dynamic
mechanical analysis. Compared to a random copolymer con-
taining the same monomers and monomer content, the mven-
tive interpolymers have lower compression set, particularly at
clevated temperatures, lower stress relaxation, higher creep
resistance, higher tear strength, higher blocking resistance,
faster setup due to higher crystallization (solidification) tem-
perature, higher recovery (particularly at elevated tempera-
tures ), better abrasion resistance, higher retractive force, and
better o1l and filler acceptance.

The mventive interpolymers also exhibit a umique crystal-
lization and branching distribution relationship. That 1s, the
inventive interpolymers have a relatively large difference
between the tallest peak temperature measured using CRY S-
TAF and DSC as a function of heat of fusion, especially as
compared to random copolymers containing the same mono-
mers and monomer level or physical blends of polymers, such
as a blend of a high density polymer and a lower density
copolymer, at equivalent overall density. It 1s believed that
this unique feature of the mventive interpolymers 1s due to the
unique distribution of the comonomer in blocks within the
polymer backbone. In particular, the imnventive interpolymers
may comprise alternating blocks of differing comonomer
content (including homopolymer blocks). The inventive
interpolymers may also comprise a distribution in number
and/or block size of polymer blocks of differing density or
comonomer content, which 1s a Schultz-Flory type of distri-
bution. In addition, the mventive interpolymers also have a
unique peak melting point and crystallization temperature
profile that 1s substantially independent of polymer density,
modulus, and morphology. In a preferred embodiment, the
microcrystalline order of the polymers demonstrates charac-
teristic spherulites and lamellae that are distinguishable from
random or block copolymers, even at PDI values that are less
than 1.7, or even less than 1.5, down to less than 1.3.

Moreover, the inventive interpolymers may be prepared
using techniques to ifluence the degree or level of blocki-
ness. That 1s the amount of comonomer and length of each
polymer block or segment can be altered by controlling the
rat1o and type of catalysts and shuttling agent as well as the
temperature of the polymerization, and other polymerization
variables. A surprising benefit of this phenomenon 1s the
discovery that as the degree of blockiness 1s increased, the
optical properties, tear strength, and high temperature recov-
ery properties of the resulting polymer are improved. In par-
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ticular, haze decreases while clarity, tear strength, and high
temperature recovery properties increase as the average num-
ber of blocks 1n the polymer increases. By selecting shuttling
agents and catalyst combinations having the desired chain
transierring ability (high rates of shuttling with low levels of
chain termination) other forms of polymer termination are
clfectively suppressed. Accordingly, little 1f any 3-hydride
climination 1s observed in the polymerization of ethylene/a-
olefin comonomer mixtures according to embodiments of the
invention, and the resulting crystalline blocks are highly, or
substantially completely, linear, possessing little or no long
chain branching.

Polymers with highly crystalline chain ends can be selec-
tively prepared in accordance with embodiments of the inven-
tion. In elastomer applications, reducing the relative quantity
of polymer that terminates with an amorphous block reduces
the mtermolecular dilutive effect on crystalline regions. This
result can be obtained by choosing chain shuttling agents and
catalysts having an appropriate response to hydrogen or other
chain terminating agents. Specifically, 11 the catalyst which
produces highly crystalline polymer 1s more susceptible to
chain termination (such as by use of hydrogen) than the
catalyst responsible for producing the less crystalline poly-
mer segment (such as through higher comonomer incorpora-
tion, regio-error, or atactic polymer formation), then the
highly crystalline polymer segments will preferentially popu-
late the terminal portions of the polymer. Not only are the
resulting terminated groups crystalline, but upon termination,
the highly crystalline polymer forming catalyst site 1s once
again available for remitiation of polymer formation. The
initially formed polymer 1s therefore another highly crystal-
line polymer segment. Accordingly, both ends of the resulting
multi-block copolymer are preferentially highly crystalline.

The ethylene a-olefin interpolymers used in the embodi-
ments of the invention are preferably interpolymers of ethyl-
ene with atleast one C;-C, , a-olefin. Copolymers of ethylene
and a C;-C,, a-olefin are especially preferred. The interpoly-
mers may further comprise C,-C, s diolefin and/or alkenyl-
benzene. Suitable unsaturated comonomers usetul for poly-
mernzing with ethylene include, for example, ethylenically
unsaturated monomers, conjugated or nonconjugated dienes,
polyenes, alkenylbenzenes, etc. Examples of such comono-
mers include C5-C,, a-olefins such as propylene, 1sobuty-
lene, 1-butene, 1-hexene, 1-pentene, 4-methyl-1-pentene,
1-heptene, 1-octene, 1-nonene, 1-decene, and the like.
1-Butene and 1-octene are especially preferred. Other suit-
able monomers 1nclude styrene, halo- or alkyl-substituted
styrenes, vinylbenzocyclobutane, 1,4-hexadiene, 1,7-octadi-
ene, and naphthenics (e.g., cyclopentene, cyclohexene and
cyclooctene).

While ethylene/a.-olefin interpolymers are preferred poly-
mers, other ethylene/olefin polymers may also be used. Ole-
fins as used herein refer to a family of unsaturated hydrocar-
bon-based compounds with at least one carbon-carbon
double bond. Depending on the selection of catalysts, any
olefin may be used 1n embodiments of the invention. Prefer-
ably, suitable olefins are C;-C, aliphatic and aromatic com-
pounds containing vinylic unsaturation, as well as cyclic
compounds, such as cyclobutene, cyclopentene, dicyclopen-
tadiene, and norbornene, including but not limited to, nor-
bornene substituted in the 5 and 6 position with C, -C,, hydro-
carbyl or cyclohydrocarbyl groups. Also included are
mixtures of such olefins as well as mixtures of such olefins
with C,-C,,, diolefin compounds.

Examples of olefin monomers include, but are not limited
to propylene, 1sobutylene, 1-butene, 1-pentene, 1-hexene,
1-heptene, 1-octene, 1-nonene, 1-decene, and 1-dodecene,
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| -tetradecene. 1-hexadecene, 1-octadecene, 1-eicosene,
3-methyl-1-butene, 3-methyl-1-pentene, 4-methyl-1-pen-
tene, 4,6-dimethyl-1-heptene, 4-vinylcyclohexene, vinylcy-
clohexane, norbornadiene, ethylidene norbornene, cyclopen-
tene, cyclohexene, dicyclopentadiene, cyclooctene, C,-C
dienes, including but not limited to 1,3-butadiene, 1,3-penta-
diene, 1.4-hexadiene, 1,5-hexadiene, 1.,7-octadiene, 1.9-
decadiene, other C,-C,, a-olefins and the like. In certain
embodiments, the a.-olefin 1s propylene,1-butene, 1-pentene,
1-hexene, 1-octene or a combination thereof. Although any
hydrocarbon containing a vinyl group potentially may be
used 1n embodiments of the invention, practical 1ssues such as
monomer availability, cost, and the ability to conveniently
remove unreacted monomer from the resulting polymer may
become more problematic as the molecular weight of the
monomer becomes too high.

The polymerization processes described herein are well
suited for the production of olefin polymers comprising
monovinylidene aromatic monomers including styrene,
o-methyl styrene, p-methyl styrene, t-butylstyrene, and the
like. In particular, mterpolymers comprising ethylene and
styrene can be prepared by following the teachings herein.
Optionally, copolymers comprising ethylene, styrene and a
C;-C,, alpha olefin, optionally comprising a C,-C,, diene,
having improved properties can be prepared.

Suitable non-conjugated diene monomers can be a straight
chain, branched chain or cyclic hydrocarbon diene having
from 6 to 15 carbon atoms. Examples of suitable non-conju-
gated dienes include, but are not limited to, straight chain
acyclic dienes, such as 1,4-hexadiene, 1,6-octadiene, 1,7-
octadiene, 1,9-decadiene, branched chain acyclic dienes,
such as 5-methyl-1,4-hexadiene; 3,7-dimethyl-1,6-octadi-
ene; 3,7-dimethyl-1,7-octadiene and mixed 1somers of dihy-
dromyricene and dihydroocinene, single ring alicyclic
dienes, such as 1,3-cyclopentadiene; 1,4-cyclohexadiene;
1,5-cyclooctadiene and 1,5-cyclododecadiene, and multi-
ring alicyclic fused and bridged ring dienes, such as tetrahy-
droindene, methyl tetrahydroindene, dicyclopentadiene,
bicyclo-(2,2,1)-hepta-2,5-diene; alkenyl, alkylidene,
cycloalkenyl and cycloalkylidene norbornenes, such as 5S-me-
thylene-2-norbornene (MNB); S-propenyl-2-norbornene,
S-1sopropylidene-2-norbornene, 5-(4-cyclopentenyl)-2-nor-
bornene, 5-cyclohexylidene-2-norbornene, 3S-vinyl-2-nor-
bornene, and norbornadiene. Of the dienes typically used to
prepare EPDMSs, the particularly preferred dienes are 1.4-
hexadiene (HD), 5-ethylidene-2-norbornene (ENB), 3-vi-
nylidene-2-norbornene (VNB), 5-methylene-2-norbornene
(MNB), and dicyclopentadiene (DCPD). The especially pre-
terred dienes are 5-ethylidene-2-norbornene (ENB) and 1,4-
hexadiene (HD).

One class of desirable polymers that can be made 1n accor-
dance with embodiments of the invention are elastomeric
interpolymers of ethylene, a C,-C,, a.-olefin, especially pro-
pylene, and optionally one or more diene monomers. Pre-
terred o-olefins for use in this embodiment of the present
invention are designated by the formula CH,—CHR*, where
R* 1s a linear or branched alkyl group of from 1 to 12 carbon
atoms. Examples of suitable a-olefins include, but are not
limited to, propylene, 1sobutylene, 1-butene, 1-pentene,
1-hexene, 4-methyl-1-pentene, and 1-octene. A particularly
preferred a.-olefin 1s propylene. The propylene based poly-
mers are generally referred to in the art as EP or EPDM
polymers. Suitable dienes for use in preparing such polymers,
especially multi-block EPDM type polymers include conju-
gated or non-conjugated, straight or branched chain-, cyclic-
or polycyclic-dienes comprising from 4 to 20 carbons. Pre-
terred dienes include 1.4-pentadiene, 1,4-hexadiene, S-eth-
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ylidene-2-norbornene, dicyclopentadiene, cyclohexadiene,
and 5-butylidene-2-norbornene. A particularly preferred
diene 1s S-ethylidene-2-norbornene.

Because the diene containing polymers comprise alternat-
ing segments or blocks containing greater or lesser quantities
of the diene (including none) and o.-olefin (including none),
the total quantity of diene and a.-olefin may be reduced with-
out loss of subsequent polymer properties. That 1s, because
the diene and o.-olefin monomers are preferentially incorpo-
rated into one type of block of the polymer rather than uni-
formly or randomly throughout the polymer, they are more
cificiently utilized and subsequently the crosslink density of
the polymer can be better controlled. Such crosslinkable elas-
tomers and the cured products have advantaged properties,
including higher tensile strength and better elastic recovery.

In some embodiments, the inventive mterpolymers made
with two catalysts incorporating differing quantities of
comonomer have a weight ratio of blocks formed thereby
from 93:5 to 5:93. The elastomeric polymers desirably have
an ethylene content of from 20 to 90 percent, a diene content
of from 0.1 to 10 percent, and an ¢.-olefin content of from 10
to 80 percent, based on the total weight of the polymer.
Further preferably, the multi-block elastomeric polymers
have an ethylene content of from 60 to 90 percent, a diene
content of from 0.1 to 10 percent, and an o.-olefin content of
from 10 to 40 percent, based on the total weight of the poly-
mer. Preterred polymers are high molecular weight polymers,
having a weight average molecular weight (Mw) from 10,000
to about 2,500,000, preferably from 20,000 to 500,000, more
preferably from 20,000 to 350,000, and a polydispersity less
than 3.5, more preferably less than 3.0, and a Mooney viscos-
ity (ML (144) 125° C.) from 1 to 250. More preferably, such
polymers have an ethylene content from 65 to 75 percent, a
diene content from O to 6 percent, and an ¢.-olefin content
from 20 to 35 percent.

The ethylene/a-olefin interpolymers can be functionalized
by incorporating at least one functional group 1n 1ts polymer
structure. Exemplary functional groups may include, for
example, ethylenically unsaturated mono- and di-functional
carboxylic acids, ethylenically unsaturated mono- and di-
functional carboxylic acid anhydrides, salts thereof and esters
thereof. Such functional groups may be grafted to an ethyl-
ene/c-olefin interpolymer, or it may be copolymerized with
cthylene and an optional additional comonomer to form an
interpolymer of ethylene, the functional comonomer and
optionally other comonomer(s). Means for grafting func-
tional groups onto polyethylene are described for example in
U.S. Pat. Nos. 4,762,890, 4,927,888, and 4,950,541, the dis-
closures of these patents are incorporated herein by reference
in their entirety. One particularly useful functional group 1s
malic anhydnde.

The amount of the functional group present 1n the func-
tional mterpolymer can vary. The functional group can typi-
cally be present 1n a copolymer-type functionalized inter-
polymer 1n an amount of at least about 1.0 weight percent,
preferably at least about 5 weight percent, and more prefer-
ably at least about 7 weight percent. The functional group will
typically be present 1n a copolymer-type functionalized inter-
polymer in an amount less than about 40 weight percent,
preferably less than about 30 weight percent, and more pret-
crably less than about 25 weight percent.

Testing Methods

In the examples that follow, the following analytical tech-
niques are employed:

GPC Method for Samples 1-4 and A-C

An automated liquid-handling robot equipped with a
heated needle set to 160° C. 1s used to add enough 1,2,4-
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trichlorobenzene stabilized with 300 ppm Ionol to each dried
polymer sample to give a final concentration of 30 mg/mL. A
small glass stir rod 1s placed into each tube and the samples
are heated to 160° C. for 2 hours on a heated, orbital-shaker
rotating at 250 rpm. The concentrated polymer solution 1s
then diluted to 1 mg/ml using the automated liquid-handling
robot and the heated needle set to 160° C.

A Symyx Rapid GPC system 1s used to determine the
molecular weight data for each sample. A Gilson 3350 pump
set at 2.0 ml/min flow rate i1s used to pump helium-purged
1,2-dichlorobenzene stabilized with 300 ppm Ionol as the
mobile phase through three Plgel 10 micrometer (um) Mixed
B 300mmx7.5mm columns placed in series and heated to
160° C. A Polymer Labs ELS 1000 Detector 1s used with the
Evaporator set to 250° C., the Nebulizer setto 165° C., and the
nitrogen flow rate set to 1.8 SLM at a pressure ol 60-80 psi
(400-600kPa) N,. The polymer samples are heated to 160° C.
and each sample injected into a 2350 ul loop using the liquid-
handling robot and a heated needle. Serial analysis of the
polymer samples using two switched loops and overlapping
injections are used. The sample data 1s collected and analyzed
using Symyx Epoch™ software. Peaks are manually inte-
grated and the molecular weight information reported uncor-
rected against a polystyrene standard calibration curve.
Standard CRYSTAF Method

Branching distributions are determined by crystallization
analysis fractionation (CRYSTAF) using a CRYSTAF 200
unit commercially available from PolymerChar, Valencia,
Spain. The samples are dissolved 1n 1,2,4 trichlorobenzene at
160° C. (0.66 mg/mL) for 1 hr and stabilized at 93° C. for 45
minutes. The sampling temperatures range from 935 to 30° C.
at a cooling rate 01 0.2° C./min. An infrared detector 1s used to
measure the polymer solution concentrations. The cumula-
tive soluble concentration 1s measured as the polymer crys-
tallizes while the temperature 1s decreased. The analytical
derivative of the cumulative profile retlects the short chain
branching distribution of the polymer.

The CRYSTAF peak temperature and area are identified by
the peak analysis module included 1n the CRYSTAF Software
(Version 2001.b, PolymerChar, Valencia, Spain). The CRY-
STAF peak finding routine 1dentifies a peak temperature as a
maximum 1n the dW/dT curve and the area between the
largest positive intlections on either side of the identified peak
in the derivative curve. To calculate the CRYSTAF curve, the
preferred processing parameters are with a temperature limit
of 70° C. and with smoothing parameters above the tempera-
ture limit of 0.1, and below the temperature limit of 0.3.
DSC Standard Method (Excluding Samples 1-4 and A-C)

Differential Scanning Calorimetry results are determined
using a TAI model Q1000 DSC equipped with an RCS cool-
ing accessory and an autosampler. A nitrogen purge gas flow
of 50 ml/min 1s used. The sample 1s pressed nto a thin film
and melted 1n the press at about 175° C. and then air-cooled to
room temperature (25° C.). 3-10 mg of material 1s then cut
into a 6 mm diameter disk, accurately weighed, placed 1n a
light aluminum pan (ca 50 mg), and then crimped shut. The
thermal behavior of the sample 1s investigated with the fol-
lowing temperature profile. The sample 1s rapidly heated to
180° C. and held 1sothermal for 3 minutes 1n order to remove
any previous thermal history. The sample 1s then cooled to
—-40° C. at 10° C./min cooling rate and held at —40° C. for 3
minutes. The sample 1s then heated to 150° C. at 10° C./min.
heating rate. The cooling and second heating curves are
recorded.

The DSC melting peak 1s measured as the maximum 1n heat
flow rate (W/g) with respect to the linear baseline drawn
between —30° C. and end of melting. The heat of fusion 1s
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measured as the area under the melting curve between -30°
C. and the end of melting using a linear baseline.

GPC Method (Excluding Samples 1-4 and A-C)

The gel permeation chromatographic system consists of
cither a Polymer Laboratories Model PL-210 or a Polymer
Laboratories Model PL-220 mstrument. The column and car-
ousel compartments are operated at 140° C. Three Polymer
Laboratories 10-micron Mixed-B columns are used. The sol-
vent 1s 1,2,4 trichlorobenzene. The samples are prepared at a
concentration of 0.1 grams of polymer i 50 mulliliters of
solvent containing 200 ppm of butylated hydroxytoluene
(BHT). Samples are prepared by agitating lightly for 2 hours
at 160° C. The 1injection volume used 1s 100 microliters and
the flow rate 1s 1.0 ml/minute.

Calibration of the GPC column set 1s performed with 21
narrow molecular weight distribution polystyrene standards
with molecular weights ranging from 580 to 8,400,000,
arranged 1 6 “cocktail” mixtures with at least a decade of
separation between individual molecular weights. The stan-
dards are purchased from Polymer Laboratories (Shropshire,
UK). The polystyrene standards are prepared at 0.025 grams
in 50 milliliters of solvent for molecular weights equal to or
greater than 1,000,000, and 0.05 grams 1n S0 malliliters of
solvent for molecular weights less than 1,000,000. The poly-
styrene standards are dissolved at 80° C. with gentle agitation
for 30 minutes. The narrow standards mixtures are run first
and 1n order of decreasing highest molecular weight compo-
nent to minimize degradation. The polystyrene standard peak
molecular weights are converted to polyethylene molecular
weights using the following equation (as described 1n Will-
1ams and Ward, J. Polym. Sci., Polym. Let., 6, 621 (1968)):
M, oiyernyiene—0-431(M,

Polyethylene equivalent molecular weight calculations are
performed using Viscotek TriSEC software Version 3.0.
Compression Set

Compression set 1s measured according to ASTM D 393,
The sample 1s prepared by stacking 25.4 mm diameter round
discs of 3.2 mm, 2.0 mm, and 0.25 mm thickness until a total
thickness of 12.7 mm 1s reached. The discs are cut from 12.7
cmx12.7 cm compression molded plaques molded with a hot

press under the following conditions: zero pressure for 3 min
at 190° C., followed by 86 MPa for 2 min at 190° C., followed
by cooling inside the press with cold running water at 86 MPa.
Density

Samples for density measurement are prepared according
to ASTM D 1928. Measurements are made within one hour of
sample pressing using ASTM D792, Method B.
Flexural/Secant Modulus/Storage Modulus

Samples are compression molded using ASTM D 1928.
Flexural and 2 percent secant moduli are measured according
to ASTM D-790. Storage modulus 1s measured according to
ASTM D 35026-01 or equivalent technique.
Optical Properties

Films of 0.4 mm thickness are compression molded using,
a hotpress (Carver Model #4095-4PR1001R). The pellets are
placed between polytetratluoroethylene sheets, heated at
190° C. at 55 ps1 (380 kPa) for 3 min, followed by 1.3 MPa for
3 min, and then 2.6 MPa for 3 min. The film 1s then cooled 1n
the press with running cold water at 1.3 MPa for 1 min. The
compression molded films are used for optical measure-
ments, tensile behavior, recovery, and stress relaxation.

Clarity 1s measured using BYK Gardner Haze-gard as
specified in ASTM D 1746.

45° gloss 1s measured using BYK Gardner Glossmeter
Microgloss 45° as specified in ASTM D-2457

nysziyrerie) '
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Internal haze 1s measured using BYK Gardner Haze-gard
based on ASTM D 1003 Procedure A. Mineral o1l 1s applied

to the film surface to remove surtace scratches.
Mechanical Properties—Tensile, Hysteresis, and Tear

Stress-strain behavior in uniaxial tension 1s measured
using ASTM D 1708 microtensile specimens. Samples are
stretched with an Instron at 500% min~" at 21° C. Tensile
strength and elongation at break are reported from an average
of 5 specimens.

100% and 300% Hysteresis 1s determined from cyclic
loading to 100% and 300% strains using ASTM D 1708
microtensile specimens with an Instron™ instrument. The
sample is loaded and unloaded at 267% min~" for 3 cycles at
21° C. Cyclic experiments at 300% and 80° C. are conducted
using an environmental chamber. In the 80° C. experiment,
the sample 1s allowed to equilibrate for 45 minutes at the test
temperature before testing. In the 21° C., 300% strain cyclic
experiment, the retractive stress at 150% strain from the first
unloading cycle 1s recorded. Percent recovery for all experi-
ments are calculated from the first unloading cycle using the
strain at which the load returned to the base line. The percent
recovery 1s defined as:

£ — &
% Recovery = ! X 100
&f

where €, 1s the strain taken for cyclic loading and €, 1s the
strain where the load returns to the baseline during the 1%
unloading cycle.

Stress relaxation 1s measured at 50 percent strain and 37°
C. for 12 hours using an Instron™ 1nstrument equipped with
an environmental chamber. The gauge geometry was 76
mmx25 mmx0.4 mm. After equilibrating at 37° C. for 45 min
in the environmental chamber, the sample was stretched to
50% strain at 333% min~ . Stress was recorded as a function
of time for 12 hours. The percent stress relaxation after 12
hours was calculated using the formula:

_L
Lo=tn 0o

7% Stress Relaxation =

where L, 1s the load at 50% strain at O time and L, , 1s the load
at 50 percent strain after 12 hours.

Tensile notched tear experiments are carried out on
samples having a density of 0.88 g/cc or less using an
Instrom™ 1nstrument. The geometry consists of a gauge sec-
tion of 76 mmx13 mmx0.4 mm with a 2 mm notch cut into the
sample at half the specimen length. The sample 1s stretched at
508 mm min~" at 21° C. until it breaks. The tear energy is
calculated as the area under the stress-elongation curve up to
strain at maximum load. An average of at least 3 specimens
are reported.

TMA

Thermal Mechanical Analysis (Penetration Temperature)
1s conducted on 30 mm diameterx3.3 mm thick, compression
molded discs, formed at 180° C. and 10 MPa molding pres-
sure for 5 minutes and then air quenched. The instrument used
1s a TMA 7, brand available {from Perkin-Flmer. In the test, a
probe with 1.5 mm radius tip (P/N N319-0416) 1s applied to
the surface of the sample disc with IN force. The temperature
1s raised at 5° C./min from 25° C. The probe penetration
distance 1s measured as a function of temperature. The experi-
ment ends when the probe has penetrated 1 mm into the
sample.
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DMA

Dynamic Mechanical Analysis (DMA) 1s measured on
compression molded disks formed in a hot press at 180° C. at
10 MPa pressure for 5 minutes and then water cooled 1n the
press at 90° C./min. Testing 1s conducted using an ARES
controlled strain rheometer (TA mstruments) equipped with
dual cantilever fixtures for torsion testing.

A 1.5 mm plaque 1s pressed and cut 1n a bar of dimensions
32x12 mm. The sample 1s clamped at both ends between
fixtures separated by 10 mm (grip separation AL) and sub-
jected to successive temperature steps from —100° C. to 200°
C. (5° C. per step). At each temperature the torsion modulus
(' 1s measured at an angular frequency of 10 rad/s, the strain
amplitude being maintained between 0.1 percent and 4 per-
cent to ensure that the torque 1s suflicient and that the mea-
surement remains 1n the linear regime.

An mitial static force of 10 g 1s maintained (auto-tension
mode) to prevent slack in the sample when thermal expansion
occurs. As a consequence, the grip separation AL increases
with the temperature, particularly above the melting or soft-
ening point of the polymer sample. The test stops at the
maximum temperature or when the gap between the fixtures
reaches 65 mm.

Melt Index

Melt index, or I,, 1s measured in accordance with ASTM D
1238, Condition 190° C./2.16 kg. Melt index, or I,, 1s also
measured 1n accordance with ASTM D 1238, Condition 190°
C./10 kg.

ATREF

Analytical temperature nising elution Iractionation
(ATREF) analysis 1s conducted according to the method
described in U.S. Pat. No. 4,798,081 and Wilde, L.; Ryle, T.
R.; Knobeloch, D. C.; Peat, 1. R.; Determination of Branching
Distributions in Polvethylene and Ethylene Copolymers, .
Polym. Sci., 20, 441-4355 (1982), which are incorporated by
reference herein 1n their entirety. The composition to be ana-
lyzed 1s dissolved 1n trichlorobenzene and allowed to crystal-
lize 1n a column contaiming an inert support (stainless steel
shot) by slowly reducing the temperature to 20° C. at a cool-
ing rate of 0.1° C./min. The column 1s equipped with an
infrared detector. An ATREF chromatogram curve 1s then
generated by eluting the crystallized polymer sample from
the column by slowly increasing the temperature of the elut-

ing solvent (trichlorobenzene) from 20 to 120° C. at a rate of
1.5° C./min.

C NMR Analysis

The samples are prepared by adding approximately 3 g of
a 50/50 mixture of tetrachloroethane-d*/orthodichloroben-
zene to 0.4 g sample in a 10 mm NMR tube. The samples are
dissolved and homogenized by heating the tube and its con-
tents to 150° C. The data are collected using a JEOL
Eclipse™ 400 MHz spectrometer or a Varian Unity Plus™
400 MHz spectrometer, corresponding to a >C resonance
frequency of 100.5 MHz. The data are acquired using 4000
transients per data file with a 6 second pulse repetition delay.
To achieve mimimum signal-to-noise for quantitative analy-
s1s, multiple data files are added together. The spectral width
1s 25,000 Hz with a mimimum file size of 32K data points. The
samples are analyzed at 130° C. 1na 10 mm broad band probe.

The comonomer incorporation 1s determined using Randall’s
triad method (Randall, J. C.; IMS-Rev. Macromol. Chem.

Phys., C29, 201-317 (1989), which 1s incorporated by refer-
ence herein 1n its entirety.
Polymer Fractionation by TREF

Large-scale TREF fractionation 1s carried by dissolving
15-20 g of polymer i 2 liters of 1,2,4-trichlorobenzene
(TCB) by stirring for 4 hours at 160° C. The polymer solution
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1s forced by 15 psig (100 kPa) mitrogen onto a 3 inch by 4 foot
(7.6 cmx12 cm) steel column packed with a 60:40 (v:v) mix
0130-40 mesh (600-425 um) spherical, technical quality glass
beads (available from Potters Industries, HC 30 Box 20,
Brownwood, Tex., 76801) and stainless steel, 0.028" (0.7

mm) diameter cut wire shot (available from Pellets, Inc. 63

Industrial Drive, North Tonawanda, N.Y., 14120). The col-
umn 1s 1immersed in a thermally controlled o1l jacket, set
mnitially to 160° C. The column 1s first cooled ballistically to

125° C., then slow cooled to 20° C. at 0.04° C. per minute and
held for one hour. Fresh TCB 1s introduced at about 65 ml/min
while the temperature 1s increased at 0.167° C. per minute.
Approximately 2000 ml portions of eluant from the pre-
parative TREF column are collected 1n a 16 station, heated
fraction collector. The polymer 1s concentrated 1n each frac-
tion using a rotary evaporator until about 50 to 100 ml of the
polymer solution remains. The concentrated solutions are
allowed to stand overnight before adding excess methanol,
filtering, and rinsing (approx. 300-500 ml of methanol includ-
ing the final rinse). The filtration step 1s performed on a 3
position vacuum assisted filtering station using 5.0 um poly-

tetrafluoroethylene coated filter paper (available from
Osmonics Inc., Cat# Z50WP04°750). The filtrated fractions
are dried overnight 1n a vacuum oven at 60° C. and weighed
on an analytical balance before further testing.

Melt Strength

Melt Strength (MS) 1s measured by using a capillary rhe-
ometer fitted with a 2.1 mm diameter, 20:1 die with an
entrance angle of approximately 45 degrees. After equilibrat-
ing the samples at 190° C. for 10 minutes, the piston 1s run at
a speed of 1 inch/minute (2.54 cm/minute). The standard test
temperature 1s 190° C. The sample 1s drawn umaxially to a set
of accelerating mips located 100 mm below the die with an
acceleration of 2.4 mm/sec”. The required tensile force is
recorded as a function of the take-up speed of the mip rolls.
The maximum tensile force attained during the test 1s defined
as the melt strength. In the case of polymer melt exhibiting
draw resonance, the tensile force betfore the onset of draw
resonance was taken as melt strength. The melt strength 1s
recorded in centiNewtons (“cN”).

Catalysts

The term “overnight™, if used, refers to a time of approxi-
mately 16-18 hours, the term “room temperature”, refers to a
temperature of 20-25° C., and the term “mixed alkanes™ refers
to a commercially obtained mixture of C,_, aliphatic hydro-
carbons available under the trade designation Isopar E®,
from ExxonMobil Chemical Company. In the event the name
of a compound herein does not conform to the structural
representation thereof, the structural representation shall con-
trol. The synthesis of all metal complexes and the preparation
of all screening experiments were carried outin a dry mitrogen
atmosphere using dry box techniques. All solvents used were
HPLC grade and were dried before their use.

MMAQO refers to modified methylalumoxane, a triisobuty-
laluminum modified methylalumoxane available commer-
cially from Akzo-Noble Corporation.

The preparation of catalyst (B1) 1s conducted as follows.

a) Preparation of (1-methylethyl)(2-hydroxy-3,35-d1
(t-butyl)phenyl)methylimine

3,5-Di-t-butylsalicylaldehyde (3.00 g) 1s added to 10 mL of
isopropylamine. The solution rapidly turns bright yellow.
After stirring at ambient temperature for 3 hours, volatiles are
removed under vacuum to yield a bright yellow, crystalline
solid (97 percent yield).
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b) Preparation of 1,2-bi1s-(3,5-di-t-butylphenylene)
(1-(N-(1-methylethyl)immino )methyl)(2-oxoyl)zir-
conium dibenzyl

A solution of (1-methylethyl)(2-hydroxy-3,5-di(t-butyl)
phenyl)imine (605 mg, 2.2 mmol) in 5 mL toluene 1s slowly
added to a solution of Zr(CH,Ph), (500 mg, 1.1 mmol) 1n 50

mlL toluene. The resulting dark yellow solution 1s stirred for
30 min. Solvent 1s removed under reduced pressure to yield
the desired product as a reddish-brown solid.

The preparation of catalyst (B2) 1s conducted as follows.

a) Preparation of (1-(2-methylcyclohexyl)ethyl)(2-
oxoyl-3,5-di(t-butyl)phenyl )imine

2-Methylcyclohexylamine (8.44 mlL, 64.0 mmol) 1s dis-
solved 1 methanol (90 mL), and di-t-butylsalicaldehyde
(10.00 g, 42.67 mmol) 1s added. The reaction mixture 1s
stirred for three hours and then cooled to -25° C. for 12 hrs.
The resulting yellow solid precipitate 1s collected by filtration
and washed with cold methanol (2x15 mL), and then dried
under reduced pressure. The yield1s 11.17 g of a yellow solid.
"H NMR is consistent with the desired product as a mixture of
1SOMers.

b) Preparation of bis-(1-(2-methylcyclohexyl)ethyl)
(2-oxoyl-3,5-di(t-butyl)phenyl immino )zirconium
dibenzyl

A solution of (1-(2-methylcyclohexyl)ethyl)(2-oxoyl-3,5-
di(t-butyl)phenyl)imine (7.63 g, 23.2 mmol) 1n 200 mL tolu-
ene 1s slowly added to a solution of Zr(CH,Ph), (5.28 g, 11.6
mmol) in 600 mL toluene. The resulting dark yellow solution

1s stirred for 1 hour at 25° C. The solution 1s diluted further
with 680 mL toluene to give a solution having a concentration

o1 0.00783 M.

Cocatalyst 1 A mixture of methyldi(C, ;s alkyl)ammo-
nium salts of tetrakis(pentatluorophenyl )borate (here-in-after
armeenium borate), prepared by reaction of a long chain

trialkylamine (Armeen™ M2HT, available from Akzo-No-

bel, Inc.), HCl and Li[B(C.F ;). ], substantially as disclosed in
U.S. Pat. No. 5,919,9883, Ex. 2.

Cocatalyst 2 Mixed C, ,_, ¢ alkyldimethylammonium salt of
bis(tris(pentafluorophenyl)-alumane)-2-undecylimida-
zolide, prepared according to U.S. Pat. No. 6,395,671, Ex. 16.

Shuttling Agents The shuttling agents employed include
diethylzinc (DEZ, SA1), di(i-butyl)zinc (SA2), di(n-hexyl)
zinc (SA3), triethylaluminum (TEA, SA4), trioctylaluminum
(SAS), triethylgallium (SA6), 1-butylaluminum bis(dimethyl
(t-butyl)siloxane) (SA7), 1-butylaluminum bis(di(trimethyl-
silyl)amide) (SA8), n-octylaluminum di{pyridine-2-methox-
ide) (SA9), bis(n-octadecyl)-butylaluminum (SA10),
1-butylaluminum bis(di(n-pentyl)amide) (SA11), n-octylalu-
minum bis(2,6-di-t-butylphenoxide) (SA12), n-octylalumi-
num di(ethyl(1-naphthyl)amide) (SA13), ethylaluminum bis
(t-butyldimethylsiloxide) (SA14), ethylaluminum di(bis
(trimethylsilyDamide) (SA1J5), ethylaluminum bis(2,3,6,7-
dibenzo-1-azacycloheptaneamide) (SA16),
n-octylaluminum bis(2,3,6,7-dibenzo-1-azacycloheptanea-
mide) (SA17), n-octylaluminum bis(dimethyl(t-butyl)silox-
ide (SA18), ethylzinc (2,6-diphenylphenoxide) (SA19), and
cthylzinc (t-butoxide) (SA20).
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EXAMPLES 1-4, COMPARATIVE A-C

General High Throughput Parallel Polymerization Condi-
tions

Polymerizations are conducted using a high throughput,
parallel polymerization reactor (PPR) available from Symyx
technologies, Inc. and operated substantially according to
U.S. Pat. Nos. 6,248,540, 6,030,917, 6,362,309, 6,306,658,
and 6,316,663, Ethylene copolymerizations are conducted at
130° C. and 200 psi (1.4 MPa) with ethylene on demand using
1.2 equivalents of cocatalyst 1 based on total catalyst used
(1.1 equivalents when MMAO 1s present). A series of poly-
merizations are conducted 1n a parallel pressure reactor (PPR)
contained of 48 individual reactor cells 1n a 6x8 array that are
fitted with a pre-weighed glass tube. The working volume 1n
cach reactor cell 1s 6000 ul. Each cell 1s temperature and
pressure controlled with stirring provided by individual stir-
ring paddles. The monomer gas and quench gas are plumbed
directly into the PPR unit and controlled by automatic valves.
Liquid reagents are robotically added to each reactor cell by
syringes and the reservoir solvent 1s mixed alkanes. The order
of addition 1s mixed alkanes solvent (4 ml), ethylene,
1-octene comonomer (1 ml), cocatalyst 1 or cocatalyst
1/MMAQO mixture, shuttling agent, and catalyst or catalyst
mixture. When a mixture of cocatalyst 1 and MMAO or a
mixture of two catalysts 1s used, the reagents are premixed in
a small vial immediately prior to addition to the reactor. When
a reagent 1s omitted 1 an experiment, the above order of
addition 1s otherwise maintained. Polymerizations are con-
ducted for approximately 1-2 minutes, until predetermined
cthylene consumptions are reached. After quenching with
CO, the reactors are cooled and the glass tubes are unloaded.
The tubes are transterred to a centrifuge/vacuum drying unit,
and dried for 12 hours at 60° C. The tubes containing dried
polymer are weighed and the difference between this weight
and the tare weight gives the net yield of polymer. Results are
contained 1n Table 1. In Table 1 and elsewhere 1n the appli-
cation, comparative compounds are indicated by an asterisk
(*).

Examples 1-4 demonstrate the synthesis of linear block
copolymers by the present imnvention as evidenced by the
formation of a very narrow MWD, essentially monomodal
copolymer when DEZ 1s present and a bimodal, broad
molecular weight distribution product (a mixture of sepa-
rately produced polymers) 1n the absence of DEZ. Due to the
fact that Catalyst (A1) 1s known to incorporate more octene
than Catalyst (B1), the different blocks or segments of the

resulting copolymers of the ivention are distinguishable
based on branching or density.

TABLE 1
Cat. (Al) Cat (Bl) Cocat MMAO shuttling

Ex.  (umol) (umol) (umol)  (umol) agent (umol)  Yield (g)
A* 0.06 — 0.066 0.3 — 0.1363
B* — 0.1 0.110 0.5 — 0.1581
C* 0.06 0.1 0.176 0.8 — 0.2038

1 0.06 0.1 0.192 —  DEZ (8.0) 0.1974

2 0.06 0.1 0.192 —  DEZ (80.0) 0.1468

3 0.06 0.1 0.192 — TEA (8.0) 0.208

4 0.06 0.1 0.192 —  TEA (80.0) 0.1879

1C5 or higher chain content per 1000 carbons

’Bimodal molecular weight distribution
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It may be seen the polymers produced according to the
invention have a relatively narrow polydispersity (Mw/Mn)
and larger block-copolymer content (trimer, tetramer, or
larger) than polymers prepared in the absence of the shuttling
agent.

Further characterizing data for the polymers of Table 1 are
determined by reference to the figures. More specifically

DSC and ATREF results show the following:

The DSC curve for the polymer of example 1 shows a
115.7° C. melting point (Tm) with a heat of fusion of 138.1
I/g. The corresponding CRYSTAF curve shows the tallest
peak at 34.5° C. with a peak area of 52.9 percent. The ditter-
ence between the DSC Tm and the Tcrystaf 1s 81.2° C.

The DSC curve for the polymer of example 2 shows a peak
with a 109.7° C. melting point (I'm) with a heat of fusion of
214.0 J/g. The corresponding CRYSTAF curve shows the
tallest peak at 46.2° C. with a peak area of 57.0 percent. The
difference between the DSC Tm and the Tcrystat 1s 63.5° C.

The DSC curve for the polymer of example 3 shows a peak
with a 120.7° C. melting point (I'm) with a heat of fusion of
160.1 J/g. The corresponding CRYSTAF curve shows the
tallest peak at 66.1° C. with a peak area of 71.8 percent. The
difference between the DSC Tm and the Tcrystat 1s 54.6° C.

The DSC curve for the polymer of example 4 shows a peak
with a 104.5° C. melting point (I'm) with a heat of fusion of
1770.7 J/g. The corresponding CRYSTAF curve shows the
tallest peak at 30° C. with a peak area of 18.2 percent. The
difference between the DSC Tm and the Tcrystat 1s 74.5° C.

The DSC curve for comparative A shows a 90.0° C. melting,
point (I'm) with a heat of fusion 01 86.7 J/g. The correspond-
ing CRYSTAF curve shows the tallest peak at 48.5° C. with a
peak area of 29.4 percent. Both of these values are consistent

with a resin that 1s low 1n density. The difference between the
DSC Tm and the Tcrystaf 1s 41.8° C.

The DSC curve for comparative B shows a 129.8° C. melt-
ing point (I m) with a heat of fusion of 237.0 J/g. The corre-
sponding CRYSTAF curve shows the tallest peak at 82.4° C.
with a peak area of 83.7 percent. Both of these values are

consistent with a resin that 1s high in density. The difference
between the DSC Tm and the Tcrystat 1s 47.4° C.

The DSC curve for comparative C shows a 125.3° C. melt-
ing point (ITm) with a heat of fusion of 143.0 J/g. The corre-
sponding CRYSTAF curve shows the tallest peak at 81.8° C.
with a peak area of 34.7 percent as well as a lower crystalline
peak at 52.4° C. The separation between the two peaks 1s
consistent with the presence of a high crystalline and a low

crystalline polymer. The difference between the DSC Tm and
the Tcrystaf 1s 43.5° C.

Mn Mw/Mn hexyls®
300502 3.32 -
36957  1.22 2.5
45526  5.307 5.5
28715  1.19 4.8
2161  1.12 14.4
22675 1.71 4.6
3338 1.54 9.4
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EXAMPLES 5-19, COMPARATIVES D-F,

Continuous Solution Polymerization, Catalyst

34

1 -octene, ethylene, and hydrogen (where used) and fed to the
reactor. A mass tlow controller 1s used to deliver hydrogen to
the reactor as needed. The temperature of the solvent/mono-

Al/B2+DEZ mer solution 1s controlled by use of a heat exchanger before
5 entering the reactor. This stream enters the bottom of the
Continuous solution polymerizations are carried out 1n a reactor. The catalyst component solutions are metered using
computer controlled autoclave reactor equipped with an inter- pumps and mass flow meters and are combined with the
nal stirrer. Purified mixed alkanes solvent (Isopar™ E avail- catalyst flush solvent and introduced 1nto the bottom of the
able from ExxonMobil Chemical Company), ethylene at 2.70 reactor. The reactor 1s run liquid-full at 500 psig (3.45 MPa)
Ibs/hour (1.22 kg/hour), 1-octene, and hydrogen (whereused) 10 with vigorous stirring. Product 1s removed through exit lines
are supplied to a 3.8 L reactor equipped with a jacket for at the top of the reactor. All exit lines from the reactor are
temperature control and an internal thermocouple. The sol- steam traced and 1nsulated. Polymerization 1s stopped by the
vent feed to the reactor 1s measured by a mass-flow controller. addition of a small amount of water into the exit line along
A variable speed diaphragm pump controls the solvent flow with any stabilizers or other additives and passing the mixture
rate and pressure to the reactor. At the discharge of the pump, 15 through a static mixer. The product stream 1s then heated by
a side stream 1s taken to provide flush flows for the catalyst passing through a heat exchanger before devolatilization. The
and cocatalyst 1 injection lines and the reactor agitator. These polymer product i1s recovered by extrusion using a devolatil-
flows are measured by Micro-Motion mass flow meters and 1zing extruder and water cooled pelletizer. Process details and
controlled by control valves or by the manual adjustment of results are contained 1n Table 2. Selected polymer properties
needle valves. The remaining solvent 1s combined with are provided 1n Table 3.
TABLE 2

Process details for preparation of exemplary polymers

Cat Cat Al Cat B2 DEZ Cocat Cocat Poly
CsH,. Solv. H, T Al? Flow B2®  Flow DEZ Flow Conc. Flow [C,H,]/ Rate® Conv
Ex. kg/hr  kg/hr  scem!  °C. ppm kg/hr ppm  kg/hr Conc % kghr ppm kg/hr [DEZ]* kg/hr %°®  Solids % Eff.’
D* 1.63 12.7 29.90 120 1422 0.14 — — 0.19 0.32 820 0.17 536 .81 RR.R 11.2 95.2
E* " 9.5 5.00 " — — 109 0.10 0.19 " 1743 0.40 4835 1.47 899 11.3 126.8
E* " 11.3  251.6 " 71.7 0.06 30.8 0.06 — — " 0.11 — 1.55 R8RS 10.3 257.7
5 " " — " " 0.14 30.8 0.13 0.17 0.43 " 0.26 419 1.64 R9.6 11.1 118.3
6 " " 4.92 " " 0.10 30.4 0.08 0.17 0.32 " 0.18 570 1.65 89.3 11.1 172.7
7 " " 21.70 " " 0.07 30.%8 0.06 0.17 0.25 " 0.13 718 1.60 89.2 10.6 244.1
8 " " 36.90 " " 0.06 " " " 0.10 " 0.12 1778 1.62 90.0 10.%8 201.1
9 " " 78.43 " " " " " " 0.04 " " 4596 1.63 90.2 10.8 267.9
10 " " 0.00 123 71, 0.12 30.3 0.14 0.34 0.19 1743 0.08 415 1.67 90.31 11.1 131.1
11 " " " 120 71. 0.16 " 0.17 0.80 0.15 1743 0.10 249 1.68 R9.56 11.1 100.6
12 " " " 121 71, 0.15 " 0.07 " 0.09 1743 0.07 396 1.70  90.02 11.3 137.0
13 " " " 122 71. 0.12 " 0.06 " 0.05 1743 0.05 653 1.69 89.64 11.2 161.9
14 " " " 120 71, 0.05 " 0.29 " 0.10 1743 0.10 395 1.41 8942 9.3 114.1
15 2.45 " " " 71, 0.14 " 0.17 " 0.14 1743 0.09 282 .20  89.33 11.3 121.3
16 " " " 122 1. 0.10 " 0.13 " 0.07 1743 0.07 4835 1.78 90.11 11.2 159.7
17 " " " 121 71, 0.10 " 0.14 " 0.08 1743 " 506 1.75  89.08 11.0 155.6
18 0.69 " " 121 1. " " 0.22 " 0.11 1743 0.10 331 1.25 89.93 8.8 90.2
19 0.32 " " 122 71, 0.06 " " " 0.09 1743 0.08 367 1.16 90.74 8.4 106.0
*Comparative, not an example of the invention
Istandard cm®*/min
2[N-(2,6-di(1 -methylethyl)phenylamido)(2-1sopropylphenyl)( o-naphthalen-2-diyl(6-pyridin-2-diyl)methane)hathium dimethyl
?’bis-(1-(Z-meth}rlc}rclahexyl)eth}rl)(Q-oxﬂ}rl-3,5-di(t-butyl)phen}rl)inunina) zirconium dibenzyl
*molar ratio in reactor
5p-::-l}fmer production rate
5percent ethylene conversion in reactor
Teﬂiciency, kg polymer/g M where gM =g Hf + g Zr
TABLE 3
Properties of exemplary polvmers
Heat of CRYSTAF
Density Mw Mn Fusion T, T,  Tepysrqar T =T epyersr Peak Area
Ex. (gfem® I, I, L/, (g/mol) (g/mol) Mw/Mn (J/g) (°C.) (°C)) (° C.) (° C.) (percent)
D* 0.8627 1.5 10.0 0.5 110,000 55,800 2.0 32 37 45 30 7 99
E* 09378 7.0 39.0 5.6 65,000 33,300 2.0 183 124 113 79 45 95
F* 0.8895 0.9 125 134 137,300 9,980 13.%8 90 125 111 78 47 20
5 08786 1.5 9.8 0.7 104,600 53,200 2.0 35 120 101 48 72 60
6 08785 1.1 7.5 0.5 109600 53300 2.1 35 115 04 44 71 03
7 0.8825 1.0 7.2 7.1 118,500 53,100 2.2 69 121 103 49 72 29
8 0.8828 0.9 0.8 7.7 129,000 40,100 3.2 0% 124 106 80 43 13
9 0.8836 1.1 9.7 9.1 129600 28700 4.5 74 125 109 81 44 16
10 08784 1.2 7.5 0.5 113,100 58,200 1.9 54 116 92 41 75 52
11 08818 9.1 359.2 0.5 66,200 36,500 1.8 63 114 93 40 74 25
12 0700 2.1 13.2 0.4 101,500 55,100 1.8 40 113 80 30 83 91
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TABLE 3-continued
Properties of exemplary polyvmers
Heat of CRYSTAF
Density Mw Mn Fusion T, T, Tepyerur T =T pyersr Peak Area
Ex. (gfem® L, I, I,o/L (g/mol) (g/mol) MwMn (Jig) (°C.) (°C.) (°C.) (° C.) (percent)
13 08718 0.7 44 6.5 132,100 63,600 2.1 42 114 80 30 81 8
14 09116 2.6 156 6.0 81,900 43,600 1.9 123 121 106 73 48 92
15 08719 6.0 41.6 6.9 79,900 40,100 2.0 33 114 91 32 82 10
16 08758 05 34 7.1 148,500 74,900 2.0 43 117 96 48 69 65
17 08757 1.7 11.3 6.8 107,500 54,000 2.0 43 116 96 43 73 57
18 09192 41 249 6.1 72,000 37,900 1.9 136 120 106 70 50 94
19 09344 34 203 6.0 76,800 39,400 1.9 169 125 112 80 45 88
15

- as

The resulting polymers are tested by DSC and ATR.
with previous examples. Results are as follows:
The DSC curve for the polymer of example 5 shows a peak

with a 119.6° C. melting point (I'm) with a heat of fusion of

60.0 J/g. The corresponding CRYSTAF curve shows the tall-
estpeak at47.6° C. with a peak area ot 59.5 percent. The delta
between the DSC Tm and the Tcrystat 1s 72.0° C.

The DSC curve for the polymer of example 6 shows a peak
with a 115.2° C. melting point (ITm) with a heat of fusion of
60.4 J/g. The corresponding CRY STAF curve shows the tall-
estpeak at 44.2° C. with a peak area o1 62.7 percent. The delta
between the DSC Tm and the Tcrystat 1s 71.0° C.

The DSC curve for the polymer of example 7 shows a peak
with a 121.3° C. melting point with a heat of fusion of 69.1
I/g. The corresponding CRYSTAF curve shows the tallest
peak at 49.2° C. with a peak area of 29.4 percent. The delta
between the DSC Tm and the Tcrystat 1s 72.1° C.

The DSC curve for the polymer of example 8 shows a peak
with a 123.5° C. melting point (Im) with a heat of fusion of
67.9 J/g. The corresponding CRY STAF curve shows the tall-
est peak at 80.1° C. with a peak area of 12.7 percent. The delta
between the DSC Tm and the Tcrystat 1s 43.4° C.

The DSC curve for the polymer of example 9 shows a peak
with a 124.6° C. melting point (ITm) with a heat of fusion of
73.5 J/g. The corresponding CRYSTAF curve shows the tall-
est peak at 80.8° C. with a peak area 01 16.0 percent. The delta
between the DSC Tm and the Tcrystat 1s 43.8° C.

The DSC curve for the polymer of example 10 shows a
peak witha 115.6° C. melting point (I m) with a heat of fusion
of 60.7 I/g. The corresponding CRYSTAF curve shows the
tallest peak at 40.9° C. with a peak area of 52.4 percent. The
delta between the DSC Tm and the Tcrystat 1s 74.7° C.

The DSC curve for the polymer of example 11 shows a
peak witha 113.6° C. melting point (IT'm) with a heat of fusion
of 70.4 J/g. The corresponding CRYSTAF curve shows the
tallest peak at 39.6° C. with a peak area of 25.2 percent. The
delta between the DSC Tm and the Tcrystat 1s 74.1° C.

The DSC curve for the polymer of example 12 shows a

peak witha 113.2° C. melting point (IT'm) with a heat of fusion
of 48.9 J/g. The corresponding CRYSTAF curve shows no
peak equal to or above 30° C. ('Tcrystat for purposes of further
calculation 1s therefore set at 30° C.). The delta between the
DSC Tm and the Tcrystaf 1s 83.2° C.

The DSC curve for the polymer of example 13 shows a
peak witha 114.4° C. melting point (I'm) with a heat of fusion
of 49.4 J/g. The corresponding CRYSTAF curve shows the
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tallest peak at 33.8° C. with a peak area of 7.7 percent. The

delta between the DSC Tm and the Tcrystat 1s 84.4° C.
The DSC for the polymer of example 14 shows a peak with

a 120.8° C. melting point (Tm) with a heat of fusion of 127.9
I/g. The corresponding CRYSTAF curve shows the tallest
peak at 72.9° C. with a peak area of 92.2 percent. The delta
between the DSC Tm and the Tcrystat 1s 47.9° C.

The DSC curve for the polymer of example 15 shows a
peak witha 114.3° C. melting point (I'm) with a heat of fusion
of 36.2 J/g. The corresponding CRYSTAF curve shows the

tallest peak at 32.3° C. with a peak area of 9.8 percent. The
delta between the DSC Tm and the Tcrystat 1s 82.0° C.

The DSC curve for the polymer of example 16 shows a
peak witha 116.6° C. melting point (I'm) with a heat of fusion
of 44.9 J/g. The corresponding CRYSTAF curve shows the
tallest peak at 48.0° C. with a peak area of 65.0 percent. The

delta between the DSC Tm and the Tcrystat 1s 68.6° C.

The DSC curve for the polymer of example 17 shows a
peak witha 116.0° C. melting point (I'm) with a heat of fusion
of 47.0 J/g. The corresponding CRYSTAF curve shows the
tallest peak at 43.1° C. with a peak area of 56.8 percent. The
delta between the DSC Tm and the Tcrystat 1s 72.9° C.

The DSC curve for the polymer of example 18 shows a
peak witha 120.5° C. melting point (I m) with a heat of fusion
of 141.8 J/g. The corresponding CRYSTAF curve shows the
tallest peak at 70.0° C. with a peak area of 94.0 percent. The
delta between the DSC Tm and the Tcrystat 1s 50.5° C.

The DSC curve for the polymer of example 19 shows a
peak with a 124.8° C. melting point (I m) with a heat of fusion
of 174.8 J/g. The corresponding CRYSTAF curve shows the
tallest peak at 79.9° C. with a peak area of 87.9 percent. The
delta between the DSC Tm and the Tcrystat 1s 45.0° C.

The DSC curve for the polymer of comparative D shows a
peak with a 37.3° C. melting point (I'm) with a heat of fusion
of 31.6 J/g. The corresponding CRYSTAF curve shows no
peak equal to and above 30° C. Both of these values are
consistent with a resin that 1s low in density. The delta
between the DSC Tm and the Tcrystat 1s 7.3° C.

The DSC curve for the polymer of comparative E shows a
peak with a 124.0° C. melting point (I m) with a heat of fusion
of 179.3 J/g. The corresponding CRYSTAF curve shows the
tallest peak at 79.3° C. with a peak area of 94.6 percent. Both
of these values are consistent with a resin that 1s high 1n
density. The delta between the DSC Tm and the Tcrystaf 1s
44.6° C.

The DSC curve for the polymer of comparative F shows a
peak with a 124.8° C. melting point (I'm) with a heat of fusion
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of 90.4 J/g. The corresponding CRYSTAF curve shows the
tallest peak at 77.6° C. with a peak area of 19.5 percent. The
separation between the two peaks 1s consistent with the pres-
ence of both a high crystalline and a low crystalline polymer.
The delta between the DSC Tm and the Tcrystaf 1s 47.2° C.
Physical Property Testing

Polymer samples are evaluated for physical properties such
as high temperature resistance properties, as evidenced by
TMA temperature testing, pellet blocking strength, high tem-
perature recovery, high temperature compression set and stor-
age modulus ratio, G'(25° C.)/G'(100° C.). Several commer-
cially available polymers are included 1n the tests:
Comparative G* 1s a substantially linear ethylene/1-octene
copolymer (AFFINITY®, available from The Dow Chemical
Company ), Comparative H* 1s an elastomeric, substantially
linear ethylene/1-octene copolymer (AFFINITY® EG8100,
available from The Dow Chemical Company), Comparative I
1s a substantially linear ethylene/1-octene copolymer (AF-
FINITY® PL 1840, available from The Dow Chemical Com-
pany), Comparative J 1s a hydrogenated styrene/butadiene/
styrene triblock copolymer (KRATON™ (1652, available
from KRATON Polymers), Comparative K 1s a thermoplastic
vulcanizate (TPV, a polyolefin blend contaiming dispersed

therein a crosslinked elastomer). Results are presented in
Table 4.

TABLE 4

High Temperature Mechanical Properties
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pression set of about 100 percent and 1t also failed to recover
(sample broke) during a high temperature (80° C.) 300 per-
cent strain recovery. Thus the exemplified polymers have a
unique combination of properties unavailable even 1n some
commercially available, high performance thermoplastic
clastomers.

Similarly, Table 4 shows a low (good) storage modulus
ratio, G'(25° C.)/G'(100° C.), for the mventive polymers of 6
or less, whereas a physical blend (Comparative F) has a
storage modulus ratio of 9 and a random ethylene/octene
copolymer (Comparative 3) of similar density has a storage
modulus ratio an order of magnitude greater (89). It 1s desir-
able that the storage modulus ratio of a polymer be as close to
1 as possible. Such polymers will be relatively unatfected by
temperature, and fabricated articles made from such poly-
mers can be usefully employed over a broad temperature
range. This feature of low storage modulus ratio and tempera-
ture independence 1s particularly useful 1n elastomer applica-
tions such as in pressure sensitive adhesive formulations.

The data in Table 4 also demonstrate that the polymers of
the invention possess improved pellet blocking strength. In
particular, Example 5 has a pellet blocking strength o1 0 MPa,
meaning 1t 1s free flowing under the conditions tested, com-
pared to Comparatives F and G which show considerable
blocking. Blocking strength 1s important since bulk shipment
of polymers having large blocking strengths can result 1n

TMA-1 mm Pellet 300% Strain
penetration Blocking Strength  G'(25° C.)/  Recovery (80° C.)
Ex. (° C.) Ib/ft* (kPa) G'(100° C.) (percent)
D* 51 — 9 Failed
E* 130 — 18 —
L* 70 141 (6.8) 9 Failed
5 104 0 (0) 6 81
6 110 — 5 —
7 113 — 4 84
8 111 — 4 Failed
9 97 — 4 —
10 108 — 5 81
11 100 — 8 —
12 88 — 8 —
13 95 — 6 84
14 125 — 7 —
15 96 — 5 —
16 113 — 4 —
17 108 0 (0) 4 82
18 125 — 10 —
19 133 — 9 —
G* 75 463 (22.2) 89 Failed
H* 70 213 (10.2) 29 Failed
[* 111 — 11 —
J* 107 — 5 Failed
K* 152 — 3 —

In Table 4, Comparative F (which 1s a physical blend of the
two polymers resulting from simultaneous polymerizations
using catalyst Al and B1) has a 1 mm penetration temperature
of about 70° C., while Examples 5-9 have a 1 mm penetration
temperature of 100° C. or greater. Further, examples 10-19 all
have a 1 mm penetration temperature of greater than 85° C.,
with most having 1 mm TMA temperature of greater than 90°
C. or even greater than 100° C. This shows that the novel
polymers have better dimensional stability at higher tempera-
tures compared to a physical blend. Comparative J (a com-
mercial SEBS) has a good 1 mm TMA temperature of about

107° C., but it has very poor (high temperature 70° C.) com-

Compression

Set (70° C.)
(percent)

55

60

65

100

49
52
43
41
06
55
0%
79
71
58
42
47

100
100

100

40

product clumping or sticking together upon storage or ship-
ping, resulting 1n poor handling properties.

High temperature (70° C.) compression set for the mven-
tive polymers 1s generally good, meaming generally less than
about 80 percent, preferably less than about 70 percent and
especially less than about 60 percent. In contrast, Compara-
tives F, G, H and J all have a 70° C. compression set of 100
percent (the maximum possible value, indicating no recov-
ery). Good high temperature compression set (low numerical
values) 1s especially needed for applications such as gaskets,
window profiles, o-rings, and the like.
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TABLE 5
Ambient Temperature Mechanical Properties
Abra- Tensile 100% 300% Stress
Elon- Elon- sion: Notched  Strain Strain Retractive Com- Re-
Flex Tensile  Tensile gation Tensile gation Volume  Tear  Recovery Recovery Stress at 150%  pression  laxation
Modulus  Modulus Strength at Break! Strength at Break Loss Strength 21°C. 21° C. Strain Set 21°C. at 50%
Ex. (MPa) (MPa) (MPa)? (%0) (MPa) (%) (mm?) (mlJ) (percent)  (percent) (kPa) (Percent)  Strain®
D* 12 5 - - 10 1074 - - 91 83 760 - -
E* 895 589 - 31 1029 - - - - - - -
L* 57 46 - - 12 824 93 339 78 65 400 42 -
5 30 24 14 951 16 1116 48 - 87 74 790 14 33
6 33 29 - - 14 938 - - - 75 861 13 -
7 44 37 15 846 14 854 39 — 82 73 810 20 —
8 41 35 13 785 14 810 45 461 82 74 760 22 -
9 43 38 — — 12 823 — — — — — 25 —
10 23 23 - - 14 902 - - 86 75 860 12 -
11 30 26 - - 16 1090 - 976 89 66 510 14 30
12 20 17 12 961 13 931 - 1247 91 75 700 17 -
13 16 14 - - 13 814 - 691 91 - - 21 —
14 212 160 - - 29 857 - - - - - - —
15 18 14 12 1127 10 1573 - 2074 89 83 770 14 -
16 23 20 - - 12 968 - - &8 83 1040 13 -
17 20 18 - - 13 1252 - 1274 13 83 920 4 -
18 323 239 — — 30 808 — — — — — — —
19 706 483 - - 36 871 - - - - - - -
G* 15 15 — — 17 1000 — 746 86 53 110 27 50
H* 16 15 - - 15 829 - 569 87 60 380 23 -
I* 210 147 - - 29 697 - - - - - - —
J* - - - - 32 609 - - 93 96 1900 25 -
KC* - - - - - - - - - - - 30 -
I Tested at 51 cm/minute
’measured at 38° C. for 12 hours
Table 5 shows results for mechanical properties for the new Optical Testing
polymers as well as for various comparison polymers at ambi-
ent temperatures. It may be seen that the inventive polymers TABLE 6

have very good abrasion resistance when tested according to
ISO 4649, generally showing a volume loss of less than about
90 mm?, preferably less than about 80 mm?, and especially
less than about 50 mm”. In this test, higher numbers indicate
higher volume loss and consequently lower abrasion resis-
tance.

Tear strength as measured by tensile notched tear strength
of the mventive polymers 1s generally 1000 mJ or higher, as
shown in Table 5. Tear strength for the inventive polymers can
be as high as 3000 mJ, or even as high as 5000 mJ. Compara-
tive polymers generally have tear strengths no higher than 750
mJ.

Table 5 also shows that the polymers of the mnvention have
better retractive stress at 150 percent strain (demonstrated by
higher retractive stress values) than some of the comparative
samples. Comparative Examples F, G and H have retractive
stress value at 150 percent strain of 400 kPa or less, while the
inventive polymers have retractive stress values at 150 per-
cent strain of 500 kPa (Ex. 11) to as high as about 1100 kPa
(Ex. 17). Polymers having higher than 150 percent retractive
stress values would be quite useful for elastic applications,
such as elastic fibers and fabrics, especially nonwoven fab-
rics. Other applications include diaper, hygiene, and medical
garment waistband applications, such as tabs and elastic

bands.

Table 5 also shows that stress relaxation (at 50 percent
strain) 1s also improved (less) for the iventive polymers as
compared to, for example, Comparative G. Lower stress
relaxation means that the polymer retains its force better in
applications such as diapers and other garments where reten-
tion of elastic properties over long time periods at body tem-
peratures 1s desired.
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Polymer Optical Properties

Ex. Internal Haze (percent)  Clarity (percent) 45° Gloss (percent)
E* 84 22 49
G* 5 73 56
5 13 72 60
6 33 69 53
7 28 57 59
8 20 65 62
9 61 38 49
10 15 73 67
11 13 69 67
12 8 75 72
13 7 74 69
14 59 15 62
15 11 74 66
16 39 70 65
17 29 73 66
18 61 22 60
19 74 11 52
G* 5 73 56
H* 12 76 59
I* 20 75 59

The optical properties reported i Table 6 are based on
compression molded films subtantially lacking 1n orientation.
Optical properties of the polymers may be varied over wide
ranges, due to vanation in crystallite size, resulting from
variation in the quantity of chain shuttling agent employed in
the polymerization.

Extractions of Multi-Block Copolymers

Extraction studies of the polymers of examples 5, 7 and
Comparative E are conducted. In the experiments, the poly-
mer sample 1s weighed into a glass fritted extraction thimble
and fitted into a Kumagawa type extractor. The extractor with
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sample 1s purged with nitrogen, and a 500 mL round bottom
flask 1s charged with 350 mL of diethyl ether. The flask 1s then
fitted to the extractor. The ether 1s heated while being stirred.
Time 1s noted when the ether begins to condense 1nto the
thimble, and the extraction 1s allowed to proceed under nitro-
gen for 24 hours. At this time, heating 1s stopped and the
solution 1s allowed to cool. Any ether remaining in the extrac-
tor 1s returned to the flask. The ether in the flask 1s evaporated
under vacuum at ambient temperature, and the resulting sol-
1ds are purged dry with mitrogen. Any residue 1s transierred to
a weighed bottle using successive washes of hexane. The
combined hexane washes are then evaporated with another
nitrogen purge, and the residue dried under vacuum overnight
at 40° C. Any remaining ether 1n the extractor 1s purged dry
with nitrogen.

A second clean round bottom flask charged with 350 mL of

hexane 1s then connected to the extractor. The hexane 1s
heated to reflux with stirring and maintained at reflux for 24
hours after hexane 1s first noticed condensing into the
thimble. Heating 1s then stopped and the flask 1s allowed to
cool. Any hexane remaining in the extractor 1s transferred
back to the flask. The hexane 1s removed by evaporation under
vacuum at ambient temperature, and any residue remaining in
the tlask 1s transferred to a weighed bottle using successive
hexane washes. The hexane 1n the tlask 1s evaporated by a
nitrogen purge, and the residue 1s vacuum dried overnight at
40° C.

The polymer sample remaining in the thimble after the
extractions 1s transterred from the thimble to a weighed bottle

and vacuum dried overnight at 40° C. Results are contained 1n
Table 7.

TABLE 7
ether ether Cqg hexane  hexane Cqg

wt.  soluble  soluble mole  soluble  soluble mole
Sample (g) (g) (percent) percent’ (g) (percent) percent' percent
Comp. 1.097 0.063 5.69 12.2 0.245 22.35 13.6
F*
Ex. 5 1.006 0.041 4.08 — 0.040 3.98 14.2
Ex. 7 1.092  0.017 1.59 13.3 0.012 1.10 11.7
IDetermined by °C NMR

ADDITIONAL POLYMER EXAMPLES 19 A-,
50

Continuous Solution Polymerization, Catalyst
Al/B2+DEZ

For Examples 19A-1
Continuous solution polymerizations are carried out 1n a

computer controlled well-mixed reactor. Purnified mixed
alkanes solvent (Isopar™ E available from Exxon Mobil,

Inc.), ethylene, 1-octene, and hydrogen (where used) are
combined and fed to a 27 gallon reactor. The feeds to the
reactor are measured by mass-tflow controllers. The tempera-
ture of the feed stream 1s controlled by use of a glycol cooled
heat exchanger before entering the reactor. The catalyst com-
ponent solutions are metered using pumps and mass flow
meters. The reactor 1s run liquid-full at approximately 550
psig pressure. Upon exiting the reactor, water and additive are
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injected 1n the polymer solution. The water hydrolyzes the

catalysts, and terminates the polymerization reactions. The
post reactor solution 1s then heated 1n preparation for a two-
stage devolatization. The solvent and unreacted monomers
are removed during the devolatization process. The polymer
melt 1s pumped to a die for underwater pellet cutting.
For Example 19]

Continuous solution polymerizations are carried out in a

computer controlled autoclave reactor equipped with an inter-

nal stirrer. Purified mixed alkanes solvent (Isopar™ E avail-

able from ExxonMobil Chemical Company), ethylene at 2.70
Ibs/hour (1.22 kg/hour), 1-octene, and hydrogen (where used)
are supplied to a 3.8 L reactor equipped with a jacket for
temperature control and an internal thermocouple. The sol-
vent feed to the reactor 1s measured by a mass-tlow controller.
A vanable speed diaphragm pump controls the solvent flow
rate and pressure to the reactor. At the discharge of the pump,
a side stream 1s taken to provide flush flows for the catalyst

and cocatalyst injection lines and the reactor agitator. These
flows are measured by Micro-Motion mass flow meters and
controlled by control valves or by the manual adjustment of
needle valves. The remaining solvent 1s combined with
1 -octene, ethylene, and hydrogen (where used) and fed to the
reactor. A mass flow controller 1s used to deliver hydrogen to
the reactor as needed. The temperature of the solvent/mono-

mer solution 1s controlled by use of a heat exchanger before
entering the reactor. This stream enters the bottom of the
reactor. The catalyst component solutions are metered using,
pumps and mass tlow meters and are combined with the

residue

Cg mole
1

0.5

11.6
9.9

catalyst flush solvent and introduced into the bottom of the
reactor. The reactor 1s run liquid-tull at 300 psig (3.45 MPa)

with vigorous stirring. Product 1s removed through exit lines

at the top of the reactor. All exit lines from the reactor are

steam traced and insulated. Polymerization 1s stopped by the
addition of a small amount of water into the exit line along
with any stabilizers or other additives and passing the mixture
through a static mixer. The product stream 1s then heated by
passing through a heat exchanger before devolatilization. The
polymer product is recovered by extrusion using a devolatil-
1zing extruder and water cooled pelletizer.

Process details and results are contained in Table 8.

Selected polymer properties are provided in Tables 9A-C.

In Table 9B, inventive examples 19F and 19G show low
immediate set of around 65-70% strain after 500% elonga-
tion.



Ex.

19A
198
19C
19D
19E
19F
19G
19H
191

191

Ex.

19A
198
19C
19D
19K
19F
19G
19H
191

191

lstandard em?/min

C,H,
Ib/hr

55.29
53.95
55.53
54.83
54.95
50.43
50.25
50.15
55.02

7.46

CSHL‘S

Ib/hr

32.03
28.96
30.97
30.58
31.73
34.80
33.08
34.87
34.02

9.04
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TABLE 8
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Polymerization Conditions

Solv. H,
Ib/hr scem’
323.03 101
325.3 577
324.37 550
326.33 60
326.75 251
330.33 124
325.61 188
318.17 58
323.59 53
50.6 47

Conc.
PPII

4500
4500
4500
4500
4500
4500
4500
4500
4500

Cocatl Cocatl

Flow

Ib/hr

0.65
0.63
0.61
0.66
0.64
0.52
0.51
0.52
0.70

Conc.
PPII

525
525
525
525
525
525
525
525
525

Cocat 2 Cocat?2

Flow

Ib/hr

0.33
0.11
0.33
0.66
0.49
0.35
0.16
0.70
1.65

T
° C.

120
120
120
120
120
120
120
120
120
120

Al?
Conc.
PP

Cat

600
600
600
600
600
600
600
600
600
150

[Zn]*

11

polymer
ppm

248

90
246
491
368
257
194
259
600

Cat
Al
Flow

Ib/hr

0.25
0.25
0.216
0.22
0.21
0.20
0.19
0.21
0.44
0.22

Cat
B2
Conc.

ppin

200
200
200
200
200
200
200
200
200
760.7

Cat
B2

Ib/hr

0.42
0.55
0.609
0.63
0.61
0.60
0.59
0.66
0.74
0.36

DEZ
Flow Conc

wt %

3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
0.5

Poly
Rate”
Ib/hr

83.94
80.72
84.13
82.56
84.11
85.31
83.72
83.21
86.63

Conv

&

wt %

88.0
88.1
88.9
8.1
88.4
87.5
87.5
88.0
88.0

Polymer

wt %

17.28
17.2

17.16
17.07
17.43
17.09
17.34
17.46
17.6

2 | N-(2,6-di{ 1 -methylethyl)phenyl)amido )(2-1sopropylphenyl)(c-naphthalen-2-diyl(6-pyridin-2-diyl)
methane)hafhmm dimethyl
3bis-(1 -(2-methylcyclohexyl)ethyl)(2-oxovyl-3,5-di(t-butyl)phenyl)immino) zirconmum dimethyl

4ppm in final product calculated by mass balance

5pvz::-lj,nfr_lﬁr production rate

6

weight percent ethylene conversion in reactor

?efﬁcienc}@ kg polymer/g M where gM =g Hf + g Z

TABLE 9A

Polvmer Phvsical Properties

DEZ
Flow
Ib/hr

0.70
0.24
0.69
1.39
1.04
0.74
0.54
0.70
1.72
0.19

EfT.’

297
295
293
280
288
319
333
312
275
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Heat of Tm - CRYSTAF
Density 110/ Mw Mn Fusion Tm Tc TCRYSTAF TCRYSTAF  Peak Area
Ex. (g/cc) 12 110 12 (g/mol) (g/mol) Mw/Mn (I/g) (°C.) (°C.) (°C.) (° C.) (wt %)
19A  0.8781 0.9 6.4 6.9 123700 61000 2.0 56 119 97 46 73 40
19B  0.8749 0.9 7.3 7.8 133000 44300 3.0 52 122 100 30 92 76
19C  0.8753 56 385 6.9 81700 37300 2.2 46 122 100 30 92 8
19D  0.8770 477 31.5 6.7 80700 39700 2.0 52 119 97 48 72 5
19E  0.8750 49 335 6.8 81800 41700 2.0 49 121 97 36 84 12
19F  0.8652 1.1 7.5 6.8 124900 60700 2.1 27 119 88 30 89 89
19G  0.8649 0.9 6.4 7.1 135000 64800 2.1 26 120 92 30 90 90
19H 0.8654 1.0 7.0 7.1 131600 66900 2.0 26 118 88 — — —
191 0.8774 11.2 752 6.7 66400 33700 2.0 49 119 99 40 79 13
197  0.8995 56 394 7.0 75500 29900 2.5 101 122 106 — — —
TABLE 9B
Polvmer Physical Properties of Compression Molded Film
Immediate  Immediate  Immediate
Set after Set after Set after Recovery Recovery Recovery
Density  Melt Index  100% Strain  300% Stramn 500% Strain  after 100%  after 300%  after 500%

Example (g/cm®) (g/10 min) (%) (%) (%) (%) (%0) (%)

19A 0.878 0.9 15 63 131 85 79 74

19B 0.877 0.88 14 49 97 86 84 81

19F 0.865 1 — — 70 — &7 86

19G 0.865 0.9 — — 66 — — 87

19H 0.865 0.92 — 39 — — 87 —
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TABLE 9C

Average Block Index For exemplary polvmers!

Example Zn/C,? Average Bl
Polymer I 0 0
Polymer & 0.56 0.59
Polymer 19a 1.3 0.62
Polymer 5 2.4 0.52
Polymer 19b 0.56 0.54
Polymer 19h 3.15 0.59

! Additional information regarding the calculation of the block indices for various polymers
15 disclosed 1n U.S. patent application Ser. No. _ (insert when known), entitled “Ethylene/
a-Olefin Block Interpolymers”, filed on Mar. 15, 2006, 1n the name of Colin L. P. Shan,
Lonnie Hazlitt, et. al. and assigned to Dow Global Technologies Inc., the disclose of which
15 incorporated by reference herein in its entirety.

2an’Cz *1000 =(Znfeed flow * Zn concentration/1000000/Mw of Zn)/(Total Ethylene feed
flow * (1 — fractional ethylene conversion rate)/Mw of Ethylene) * 1000, Please note that
“Zn” 1n “Zn/C, * 10007 refers to the amount of zinc in diethyl zinc (“DEZ"”) used 1n the
polymerization process, and “C2” refers to the amount of ethylene used in the polymeriza-
tion process.

Particularly Usetul Ethylene/c-Olefin Multi-Block Inter-
polymer Component(s) for Film Compositions

It has been discovered that some ethylene/c.-olefin multi-
block interpolymers are particularly beneficial in composi-
tions suitable for film. For example, especially useful ethyl-
ene/o-olefin multi-block interpolymers are those with a
density (as measured 1n accordance with ASTM D-792) gen-
crally greater than about 0.89 g/cc, especially from about 0.89
g/cc to about 0.94 g/cc, and more preferably, from about 0.91
g/cc to about 0.93 g/cc. Interpolymers of these density can be
used alone or mixed with other polymers to make composi-
tions suitable for film with beneficial properties.

Similarly, the molecular weight of the atorementioned eth-
ylene/a-olefin multi-block interpolymers should usually be
considered when selecting said interpolymer for a given film
application. ",

T'he molecular weight of the interpolymers 1s
conveniently indicated using a melt index measurement
according to ASTM D-1238, Condition 190° C./2.16 kg (1or-
merly known as “Condition E” and also known as 1,). Melt
index 1s mnversely proportional to the molecular weight of the
polymer. Thus, the higher the molecular weight, the lower the
melt index, although the relationship i1s not linear. The melt
index for the above interpolymers that may be especially
usetul for film compositions 1s generally from about 0.1 g/10
min. to about 1.0 g/10 mun., preferably from about 0.2 g/10
min. to about 0.8 g/10 min., and especially from about 0.3
g/10 min. to about 0.6 g/10 min. Interpolymers of these melt
index can be used alone or mixed with other polymers to make
compositions suitable for film with beneficial properties.

Other measurements usetul 1n characterizing the molecular
weight of the beneficial interpolymers mnvolve melt mndex
determinations with higher weights, such as, for common
example, ASTM D-1238, Condition 190° C./10 kg (formerly
known as “Condition N and also known as I,,). The ratio of
a higher weight melt index determination to a lower weight
determination 1s known as a melt flow ratio, and for measured
I,, and the I, melt index values the melt flow ratio 1s conve-
niently designated as I, ,/1,. For the interpolymers especially
usetul in the present invention, the melt flow ratio 1s often at
least about 4, and preferably from about 4 to about 10, and
more preferably from about 6 to about 8. Interpolymers of
these melt flow ratios can be used alone or mixed with other
polymers to make compositions suitable for film with benefi-
cial properties.
Compositions Comprising the Ethylene/a-Olefin Multi-
Block Interpolymer Component(s)

The specific composition chosen for a given film will
depend upon the type of film, number of layers, 1ts desired
application and desired properties. Such properties include,
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for example, processing, strength, heat seal, or adhesion char-
acteristics. By using appropnate blends enhanced perfor-
mance or improved combinations of desired properties of a
film may be obtained.

In one embodiment a composition comprising a single
cthylene/o-olefin multi-block interpolymer described above
may be used. Alternatively, a composition comprising two or
more ol the above-described ethylene/o-olefin multi-block
interpolymers (each having one or more different properties)
may be used. Yet another alternative involves using a compo-
sition comprising one or more of the ethylene/o-olefin multi-
block interpolymers described above blended with one or
more other polymers such as substantially linear ethylene
interpolymers or homopolymers (SLEP), high pressure low
density polyethylene (LDPE), ethylene/vinyl acetate copoly-
mer (EVA), ethylene/carboxylic acid copolymers and 10no-
mers thereolf, polybutylene (PB), and a.-olefin polymers such
as high density polyethylene, medium density polyethylene,
polypropylene, ethylene/propylene interpolymers, linear low

density polyethylene (LLDPE) and ultra low density polyeth-
ylene, as well as graft-modified polymers, and combinations
thereol including density, MWD, and/or comonomer combi-
nations such as those disclosed, for example, by Smithin U.S.
Pat. No. 5,032,463 which 1s incorporated herein by reference.
For multi-layer films 1t may be preferable in some circum-
stances that the outer film layers (alternatively referred to 1n
the art as ““skin layers™ or “surface layers™) and/or the sealant
layers comprise ethylene/a-olefin multi-block interpolymer,
substantially linear ethylene interpolymer and/or homopoly-
mer, or a mixture thereof.

While 1t often depends on the desired properties, preferable
compositions for films often comprise at least about 20, more
preferably atleast about 30, yet more preferably at least about
50 weight percent ethylene/a.-olefin multi-block interpoly-
mer based on the total weight of the composition. Often 1t 1s
desirable to include a second polymer or polymer blend made
with a Ziegler catalyst, a constrained geometry catalyst, or a
combination thereof. Particularly usetul second polymers
include for example, SLEP, LLDPE, LDPE and blends
thereof such as described 1n, for example, U.S. Pat. Nos.
5,844,045; 5,847,053 and 6,111,023. Such polymers are sold
commercially by, for example, The Dow Chemical Company
and Exxon, under the names AFFINITY®, Elite™,
Dowlex™ and Exact™,

The compositions above can be formed by any convenient
method. For example, the blends may be prepared by mixing
or kneading the respective components at a temperature
around or above the melt point temperature of one or more of
the components. For most ethylene/a-olefin multi-block
interpolymer compositions, this temperature may be above
130° C., most generally above 145° C., and most preferably
above 130° C. Typical polymer mixing or kneading equip-
ment that 1s capable of reaching the desired temperatures and
melt plastifying the mixture may be employed. These include
mills, kneaders, extruders (both single screw and twin-
screw), Banbury mixers, calenders, and the like. The
sequence of mixing and method may depend on the final
composition. A combination of Banbury batch mixers and
continuous mixers may also be employed, such as a Banbury
mixer followed by a mill mixer followed by an extruder.

Another method of forming the above compositions com-
prises 1n-situ polymerization as disclosed 1 U.S. Pat. No.
5,844,045 1n the names of Brian W. S. Kolthammer and Rob-
ert S. Cardwell, the disclosure of which is incorporated herein
in 1ts entirety by reference. U.S. Pat. No. 5,844,045 describes
inter alia, interpolymerizations of ethylene and C,-C,, alpha-
olefins using at least one homogeneous catalyst in at least one
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reactor and at least one heterogeneous catalyst 1n at least one
other reactor. The multiple reactors can be operated 1n series
or 1n parallel or any combination thereof, with at least one
reactor employed to make an ethylene/o-olefin multi-block
interpolymer as described above. In this manner, blends may
be made 1n solution processes comprising constrained geom-
etry catalysts, Ziegler catalysts, and combinations thereof.
Such blends comprise, for example, one or more ethylene/c.-
olefin multi-block interpolymers (as described above and 1n
PCT/US2005/008917 filed Mar. 17, 2004), one or more poly-
mers ol broad molecular weight distribution (e.g. heteroge-
neously branched ethylene polymers as described in, for
example, U.S. Pat. No. 5,847,053), and/or one or more poly-
mers of narrow molecular weight distribution (e.g., homoge-

neous polymers as described 1n U.S. Pat. No. 3,645,992 (El-
ston) or U.S. Pat. No. 5,272,236).

In-s1tu polymerization using solution polymerization reac-
tors 1n series may be particularly preferable when making
blends that comprise at least one high molecular weight poly-
mer of narrow molecular weight distribution and at least one
polymer of broad molecular weight distribution made with a
Ziegler catalyst. This 1s because 1t often requires substantial
solvent to make high molecular weight polymer while the use
of Ziegler catalysts often requires higher temperatures than
homogeneous catalysts. Thus, the use of higher temperatures
with the Ziegler catalyst in a subsequent reactor will facilitate
excess solvent evaporation. In addition, another advantage to
using series solution reactors to make the products of the
invention 1s that an extremely high molecular weight product
(e.g., I, 01 0.05 g/10 minutes or less) can be made and incor-
porated into the finished product, even though that extremely
high molecular weight product often could not physically be
1solated without catastrophic reactor fouling. So for those
“blends’ incorporating a very high molecular weight compo-
nent, a discrete or physical blend 1s often not even possible,
since the first component could not be 1solated.

It has been discovered that some compositions comprising,
the aforementioned ethylene/o-olefin multi-block interpoly-
mers optionally blended with other polymers are particularly
suitable for film. Thus, while the ethylene/c.-olefin multi-
block interpolymer may be used alone, blended with another
cthylene/o-olefin multi-block 1nterpolymer, or blended with
some other polymer, 1t 1s often preferable that the overall
composition have certain properties. For example, especially
useful compositions are those with an overall density (as
measured 1n accordance with ASTM D-792) generally
greater than about 0.89 g/cc, especially from about 0.89 g/cc
to about 0.95 g/cc, and more preferably from about 0.91 g/cc
to about 0.93 g/cc, and even more preferably from about

0.915 g/cc to about 0.927 g/cc.

Similarly, the molecular weight of the overall composition
should usually be considered. The molecular weight of the
overall composition 1s conveniently indicated using a melt
index measurement according to ASTM D-1238, Condition
190° C./2.16 kg (formerly known as “Condition E” and also
known as I,). Melt index 1s inversely proportional to the
molecular weight of the polymer. Thus, the higher the
molecular weight, the lower the melt index, although the
relationship 1s not linear. The melt index for compositions
that may be especially useful for film compositions 1s gener-
ally from about 0.1 g/10 min. to about 1.5 g/10 min., prefer-
ably from about 0.2 g/10 min. to about 1.2 g/10 min., and
especially from about 0.4 ¢g/10 min. to about 1.1 g/10 mun.
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TABLE 9C

Average Block Index For exemplary polymers!

Example Zn/C5? Average Bl
Polymer F 0 0
Polymer 8 0.56 0.59
Polymer 19a 1.3 0.62
Polymer 5 2.4 0.52
Polymer 19b 0.56 0.54
Polymer 19h 3.15 0.59

! Additional information regarding the calculation of the block indices for various polymers

15 disclosed 1n U.S. patent application Ser. No. 11/376,835 entitled “Ethylene/a-Olefin
Block Interpolymers”, filed on Mar. 15, 2006, inthe name of Colin L.P. Shan, LLonme Hazlitt,
et. al. and assigned to Dow (Global Technologies Inc., the disclose of which 1s incorporated

by reference herein 1n its entirety.

2an’Cz *1000 =(Zn feed flow * Zn concentration/1 000000/ Mw of Zn)/('Iotal Ethylene feed
flow * (1 — fractional ethylene conversion rate)/Mw of Ethylene) * 1000, Please note that

“Zn” 1n “Zn/C, * 10007 refers to the amount of zinc in diethyl zinc (“DEZ") used 1n the
polymerization process, and “C2” refers to the amount of ethylene used in the polymeriza-

tion process.

Particularly preferable compositions for film often have
exhibit a tallest DSC peak of between about 110 and about
140° C., more preferably between about 115 and about 130°
C., and most preferably between about 119 and about 126° C.
These preferable compositions also frequently exhibit a tall-
est Crystal peak between about 55 and about 95° C., more
preferably between about 60 and about 90° C., and most
preferably between about 65 and about 85° C. It also been
tound advantageous for the polydispersity of the composition
for film to be from about 1 to about 4.5, more preferably
between about 1.25 and about 4.25, and most preferably
between about 1.5 and about 3.75.

Films made from the compositions of the present invention
often exhibit an average Elmendort Tear (ASTM 1922) of at
least about 185, preferably atleast about 250, more preferably
at least about 400, even more preferably at least about 450
g/mil, MD (machine direction). Films made from the com-
positions of the present invention also often exhibit a normal-

1zed DART (ASTM D1709) impact of at least about 40,

preferably at least about 150, more preferably at least about
200, more preferably at least about 250, more preferably at
least about 300, more preferably at least about 400 g/mil. The
clarity (ASTM D1746) of films made from the compositions
of the present invention may range from about 5 to about 40,
more preferably from 10 to about 30 while haze (ASTM
D1003) may range from about 5 to about 40, more preferably
from 10 to about 33.

The compositions of the present mvention may be opti-
mized so that the resulting films have one more desired prop-
erties. IT a film having a good toughness, ¢.g., tear, 1s desired,
it has been found that particularly desirable compositions
comprise a polymer fraction that elutes above about 60° C.
when fractionated using TREF and/or no substantial polymer

fraction that elutes from about 30° C. to about 55° C., pret-
erably no substantial polymer fraction that elutes from about
40° C. to about 50° C. when fractionated using TREF. While
not wishing to be bound to any particular theory, 1t 1s believed
that polymer fractions that elute from about 30° C. to about
55° C. do not contribute to and may, 1n fact, weaken the matrix
of the film. Compositions having the atorementioned TREF
characteristics may be made and selected by one of ordinary
skill 1n the art having the benefit of the mstant specification
and using routine experimentation.

Depending on the amount and type of chain shuttling agent
employed to make the ethylene/a-olefin multi-block inter-
polymer, the compositions of the present invention may fur-
ther comprise the residue of the chain shuttling agent or
agents that were employed. By residue 1s meant an analyti-
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cally detectable amount of either the original chain shuttling
agent or a denvative thereot, e.g., zinc or aluminum com-
pounds.

The multi-block compositions of the present invention
(both blends and pure polymers) include those compositions

of density range of from about 0.915 to about 0.922 g/cc with
a CDBI (as that term 1s used in U.S. Pat. No. 5,844,045 and

WO 93/04486 published on Mar. 4, 1993 both of which are
incorporated herein by reference) of less than about 95%
often have less than about 48%, preferably less than about
46%, more preferably less than about 45%, more preferably
less than about 38%, more preferably less than about 30%,
more preferably less than about 25%, more preferably less
than about 18%, more preferably less than about 13%, more
preferably less than about 8% but at least about 7% (of the
total composition that elutes above 30° C.) eluting between
from 30° C. to 85° C. using the ATREF technique as stated
previously.

It has also been discovered that the compositions of the

present invention (both blends and pure polymers) of density
range of from about 0.922 to about 0.927 g/cc with a CDBI (as

that term 1s used 1n U.S. Pat. No. 5,844,045 and WO 93/04486
published on Mar. 4, 1993 both of which are incorporated
herein by reference) of less than about 95% often have less
than about 33%, preferably less than about 28%, more pret-
erably less than about 24%, more preferably less than about
20%, more preferably less than about 14%, more preferably
less than about 11%, more preferably less than about 10% but
at least about 9% (of the total composition that elutes above
30° C.) eluting between from 30° C. to 85° C. using the
ATREF technique as stated previously.

Useful Additives

Additives such as antioxidants (e.g., hindered phenolics
(such as Irganox.RTM. 1010 or Irganox.RTM. 1076), phos-
phites (e.g., Irgatos.RTM. 168 all trademarks of Ciba Geigy),
cling additives (e.g., PIB), PEPQ™ (a trademark of Sandoz
Chemical, the primary ingredient of which 1s believed to be a
biphenylphosphonite), pigments, colorants, fillers, and the
like can also be included in the interpolymers and copoly-
mers, to the extent that they do not interfere with the desired
properties. The fabricated film may also contain additives to
enhance 1ts antiblocking and coelficient of friction character-
1stics including, but not limited to, untreated and treated sili-
con dioxide, talc, calcium carbonate, and clay, as well as
primary and secondary fatty acid amides, silicone coatings,
ctc. Other additives to enhance the film’s anti-fogging char-
acteristics may also be added, as described, for example, 1n
U.S. Pat. No. 4,486,552 (Niemann), the disclosure of which 1s
incorporated herein by reference. Still other additives, such as
quaternary ammonium compounds alone or in combination
with EAA or other functional polymers, may also be added to
enhance the film’s antistatic characteristics and allow pack-
aging of electronically sensitive goods.

Suitable Film Structures

Film structures made from compositions of the present
invention can be made using conventional simple bubble or
cast extrusion techniques as well as by using more elaborate
techniques such as “tenter framing™ or the “double bubble” or
“trapped bubble” process.

“Stretched” and “oriented™ are used 1n the art and herein
interchangeably, although orientation 1s actually the conse-
quence of a film being stretched by, for example, internal air
pressure pushing on the tube or by a tenter frame pulling on
the edges of the film.

Simple blown bubble film processes are described, for
example, 1n The Encyclopedia of Chemical Technology,
Kirk-Othmer, Third Edition, John Wiley & Sons, New York,
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1981, Vol. 16, pp. 416-417 and Vol. 18, pp. 191-192, the
disclosures of which are incorporated herein by reference.
Processes for manufacturing biaxially oriented film such as
the “double bubble™ process described in U.S. Pat. No. 3,456,
044 (Pahlke), and other suitable processes for preparing

biaxially stretched or oriented film are described 1in U.S. Pat.
No. 4,865,902 (Golike et al.), U.S. Pat. No. 4,352,849 (Muel-

ler), U.S. Pat. No. 4,820,557 (Warren), U.S. Pat. No. 4,927,
708 (Herranetal.), U.S. Pat. No. 4,963,419 (Lustig etal.), and
U.S. Pat. No. 4,952,451 (Mueller), the disclosures of each of
which are incorporated herein by reference. The film struc-
tures can also be made as described 1n a tenter-frame tech-
nique, such as that used for oriented polypropylene.

Other multi-layer film manufacturing techniques for food
packaging applications are described in Packaging Foods
With Plastics, by Wilmer A. Jenkins and James P. Harrington
(1991), pp. 19-27, and 1n “Coextrusion Basics” by Thomas 1.
Butler, Film Extrusion Manual: Process, Materials, Proper-
ties pp. 31-80 (published by TAPPI Press (1992)) the disclo-
sures ol which are incorporated herein by reference.

As disclosed by Pahlke 1n U.S. Pat. No. 3,456,044 and 1n
comparison to the simple bubble method, “double bubble™ or
“trapped bubble” film processing can significantly increase a
film’s orientation 1n both the machine and transverse direc-
tions. The increased orientation yields higher free shrinkage
values when the film 1s subsequently heated. Also, Pahlke in
U.S. Pat. No. 3,456,044 and Lustig et al. in U.S. Pat. No.
5,059,481 (incorporated herein by reference) disclose that
low density polyethylene and ultra low density polyethylene
materials, respectively, exhibit poor machine and transverse
shrink properties when fabricated by the simple bubble
method, e.g., about 3% {ree shrinkage in both directions.
However, 1n contrast to known {ilm matenals, and particu-

larly 1n contrast to those disclosed by Lustig et al. in U.S. Pat.
Nos. 5,059,481 4,976,898 and 4,863,769, as well as 1n con-

trast to those disclosed by Smith in U.S. Pat. No. 5,032,463
(the disclosures of which are incorporated herein by refer-
ence), the unique interpolymer compositions of the present
invention may show significantly improved simple bubble
shrink characteristics 1n both the machine and transverse
directions. Additionally, when the unique interpolymers may
be fabricated by simple bubble method at high blow-up ratios,
¢.g., at greater or equal to 2.5:1, or, more preferably, by the
“double bubble” method disclosed by Pahlke 1n U.S. Pat. No.
3,456,044 and by Lustig et al. in U.S. Pat. No. 4,976,898, 1t 1s
possible to achieve good machine and transverse direction
shrink characteristics making the resultant films suitable for
shrink wrap packaging purposes. Blow-Up Ratio, abbrevi-
ated herein as “BUR?”, 1s calculated by the equation:

BUR=Bubble Diameter/Die Diameter.

The olefin packaging and wrapping films made from com-
positions of the present invention may be monolayer or mul-
tilayer films. The film made from the novel compositions can
also be coextruded with the other layer(s) or the film can be
laminated onto another layer(s) in a secondary operation,
such as that described 1n Packaging Foods With Plastics, by
Wilmer A. Jenkins and James P. Harrington (1991) or that
described 1n “Coextrusion For Barrier Packaging™ by W. .
Schrenk and C. R. Finch, Society of Plastics Engineers
RETEC Proceedings, Jun. 15-17 (1981), pp. 211-229, the
disclosure of which 1s incorporated herein by reference. If a
monolayer film 1s produced via tubular film (1.¢., blown film
techniques) or tlat die (i.e., cast film) as described by K. R.
Osborn and W. A. Jenkins 1n “Plastic Films, Technology and
Packaging Applications” (Technomic Publishing Co., Inc.
(1992)), the disclosure of which 1s incorporated herein by
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reference, then the film must go through an additional post-
extrusion step of adhesive or extrusion lamination to other
packaging material layers to form a multilayer structure. I
the film 1s a coextrusion of two or more layers (also described
by Osborn and Jenkins), the film may still be laminated to
additional layers of packaging matenals, depending on the
other physical requirements of the final film. “Laminations
Vs. Coextrusion” by D. Dumbleton (Converting Magazine
(September 1992), the disclosure of which 1s incorporated
herein by reference, also discusses lamination versus coex-
trusion. Monolayer and coextruded films can also go through
other post extrusion techniques, such as a biaxial orientation
pProcess.

Extrusion coating 1s yet another techmque for producing
multilayer film structures using the novel compositions
described herein. The novel compositions comprise at least
one layer of the film structure. Similar to cast film, extrusion
coating 1s a flat die technique. A sealant can be extrusion
coated onto a substrate either 1n the form of a monolayer or a
coextruded extrudate.

Generally for a multilayer film structure, the novel com-
positions described herein comprise at least one layer of the
total multilayer film structure. Other layers of the multilayer
structure include but are not limited to barrier layers, and/or
tie layers, and/or structural layers. Various materials can be
used for these layers, with some of them being used as more
than one layer in the same film structure. Some of these
matenals include: foil, nylon, ethylene/vinyl alcohol (EVOH)
copolymers, polyvinylidene chloride (PVDC), polyethylene
terephthalate (PET), oriented polypropylene (OPP), ethyl-
ene/vinyl acetate (EVA) copolymers, ethylene/acrylic add
(EAA) copolymers, ethylene/methacrylic add (EMAA)
copolymers, LLDPE, HDPE, LDPE, nylon, graft adhesive
polymers (e.g., maleic anhydrnide grafted polyethylene), and
paper. Generally, the multilayer film structures comprise
from 2 to about 7 layers.

The specific composition used to construct a given layer of
film will depend on the properties desired 1n the film as well
as processing considerations. Depending on their various
properties, monolayers can be used 1n any of the four various
packaging methods, but as a practical matter, monolayer films
are best adapted for use in the stretch overwrap and skin
packaging method where oxygen transmission may be impor-
tant. Oxygen transmission 1s particularly beneficial in stretch
wrap packaging of individual cuts of red meat (1.e., “in-store”™
wrapped meat where the grocer/butcher actually cuts the
primal meat mto smaller cuts for individual sale), where
oxygen permeability allows fresh red meat to “bloom” to the
desired bright red color. Film useful in packaging individual
cuts of red meat will usually have minimal shrinkage and
good stretchability. The film preferably 1s oxygen permeable
and has good elastic recovery, to enable the consumer to
examine the meat without permanently deforming the film
and making 1t unattractive. Film used in packaging individual
portions of red meat could also be prepared as a heat-shrink-
able film but current technology does not utilize shrink char-
acteristics. Other film applications include, e.g., stretch
hooder applications such as stretch wrapping or surrounding
goods with a film and then allow the film to shrink back. These
films may also be usetul for heavy duty shipping sack appli-
cations, consumer and industrial product liners, sheet and
tubing, geomembrane lining, agricultural films, greenhouse
films, construction film.

One monolayer for use 1n the stretch overwrap method
which may be particularly desirable 1s a blend of ethylene/a.-
olefin multi-block interpolymer and an ethylene/a,.p-unsat-
urated carbonyl copolymer such as EVA, EAA, ethylene/
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methacrylic acid (EMAA), and their alkali metal salts
(1onomers), esters and other derivatives.

For coextruded or laminated multilayer film structures
(e.g., 3 and S-layer film structures), the ethylene/a-olefin
multi-block interpolymer compositions described herein can
be used as a core layer, an outer surface layer, an intermediate
layer and/or a inner sealant layer of the structure. Generally
for a multilayer film structure, the ethylene/c-olefin multi-
block interpolymer comprise at least 10 percent of the total
multilayer film structure. Other layers of the multilayer struc-
ture 1iclude but are not limited to barrier layers, and/or tie
layers, and/or structural layers. Various materials can be used
tor these layers, with some of them being used as more than
one layer 1n the same film structure. Some of these materials
include: foil, nylon, ethylene/vinyl alcohol (EVOH) copoly-
mers, polyvinylidene chlonnde (PVDC), polyethylene
terepthalate (PET), oriented polypropylene (OPP), ethylene/
vinyl acetate (EVA) copolymers, ethylene/acrylic acid (EAA)
copolymers, ethylene/methacrylic acid (EMAA) copoly-
mers, ULDPE, LLDPE, HDPE, MDPE, LMDPE, LDPE,
ionomers, graft-modified polymers (e.g., maleic anhydride
grafted polyethylene), and paper. Generally, the multilayer
film structures comprise from 2 to about 7 layers.

In one embodiment disclosed herein, a multilayer film
structure comprising at least three layers (e.g., an “A/B/A”
structure), wherein each outer layer comprises at least one
cthylene/a.-olefin multi-block interpolymer, and at least one
core or hidden layer 1s a high pressure branched low density
polyethylene (LDPE). This multilayer film structure often
may have surprisingly good optical properties, while main-
taining good overall film strength properties. Generally, the
ratio of the film structure layers 1s such that the core layer
dominates the film structure 1n terms of its percentage of the
entire structure. The core layer should be atleast about 33% of
the total film structure (e.g., 1n a three layer film structure,
cach “A” outer layer comprises 33% by weight of the total
film structure, while the core LDPE layer (the “B” layer)
comprises 33% by weight of the total film structure). In a
three layer film structure, preferably, the core LDPE layer
comprises at least about 70% of the total film structure. Addi-
tional hidden layers can also be incorporated into the film
structures without substantial detriment to the optical prop-
erties. For example, tie or intermediate layers comprising, for
example, ethylene/vinyl acetate copolymers, ethylene acrylic
acid copolymers or anhydride graft-modified polyethylenes
can be used, or barrier layers comprising, for example,
vinylidene chloride/vinyl chloride copolymers or ethylene

vinyl alcohol copolymers can be used. In a more preferred
three layer film structure, each “A” outer layer comprises
15% by weight of the total film structure of at least one
cthylene/o-olefin multi-block interpolymer, and the “B” core
layer comprises 70% by weight of the total film structure of
LDPE. The multilayer film structure can be oriented and/or
irradiated (in any order) to provide a multilayer shrink film
structure or a skin package with controlled linear tearabaility.
For the multilayer film structures disclosed herein having
improved optical clarity, the LDPE generally has a density
from about 0.915 g/cc to about 0.935 g/cc; a melt index
(I.sub.2) from about 0.1 g/10 minutes to about 10 g/10 min-
utes; and a melttension of atleast about 1 gram. For improved
optical clarity, the ethylene/a-olefin multi-block interpoly-
mer generally has a density from about 0.85 g/cc to about 0.96
g/cc, preferably from about 0.9 g/cc to about 0.92 g/cc; a melt
index (I,) from about 0.2 g/10 minutes to about 10 g/10
minutes, preferably from about 0.5 g/10 minutes to about 2
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g/10 minutes; a molecular weight distribution (Mw/Mn) not
greater than about 3; and substantially a single melting peak
as determined using DSC.

The multilayer film structures can also be oxygen perme-
able either by using the ethylene/a.-olefin multi-block inter-
polymers alone in the film, or in combination with other
oxygen permeable film layers such as, for example, ethylene/
vinyl acetate (EVA) and/or ethylene/acrylic acid (EAA). Of
particular interest, for example, are ethylene/a-olefin multi-
block interpolymer/EAA/ethylene/a-olefin multi-block
interpolymer and LLDPE/ethylene/c-olefin  multi-block
interpolymer/LLDPE film structures which may be replace-
ments for PVC and well suited for stretch overwrapping
various Iresh foods, e.g. retail-cut red meats, fish, poultry,
vegetables, fruits, cheeses, and other food products destined
tor retail display and that benefit from access to environmen-
tal oxygen or must appropriately respire. These films are
preferably prepared as nonshrink films (e.g., without biaxial
orientation induced by double bubble processing) with good
oxygen permeability, stretchability, elastic recovery and heat
seal characteristics, and can be made available to wholesalers
and retailers 1n any conventional form, e.g. stock rolls, as well
as be used on conventional packaging equipment.

In another aspect, the multilayer film structures can com-
prise an oxygen barrier film (e.g., SARAN™ a {ilm made
from a polyvinylidene chloride polymer made by The Dow
Chemical Company, or EVAL™ resins which are ethylene/
vinyl alcohol copolymers made by Eval Company of
America, a division of Kuraray of America, Inc., a wholly
owned subsidiary of Kuraray Ltd.). Oxygen barrier properties
are 1mportant in film applications such as packaging primal
cuts of meat (1.e., large cuts of meat which are shipped to a
specific store for further cutting for specific consumer con-
sumption). As described by Davis et al. in U.S. Pat. No.
4,886,690, the oxygen barrier layer can also be designed as
“peelable” to allow removal once the packaged primal cut
arrives at the butcher/grocer; a peelable construction or
design 1s particularly useful for “case-ready” vacuum skin
packages of individual portions and eliminates the need for
repackaging to an oxygen permeable package for blooming to
bright red.

The film structures made with both the interpolymers
described herein may also be pre-formed by any known
method, such as, for example, by extrusion thermoforming,
with respect to the shape and contours of the product to be
packaged. The benefit of employing pre-formed film struc-
tures will be to complement or avoid a given particular of a
packaging operation such as augment drawability, reduced
film thickness for given draw requirement, reduced heat up
and cycle time, etc.

The thickness of the monolayer or multilayer film struc-
tures may vary. However, for both the monolayer and multi-
layer film structures described herein, the thickness 1s typi-
cally from about 0.1 mils (2.5 micrometers) to about 50 mils
(1270 micrometers), preferably from about 0.754 mils (10
micrometers) to about 15 mils (381 micrometers), and espe-
cially from about 0.6 mils (15 micrometers) to about 4 mils
(102 micrometers).

Film structures made from both the ethylene/a-olefin
multi-block interpolymers described herein may show sur-
prisingly more eflicient irradiation crosslinking as compared
to a comparative conventional Ziegler polymerized linear
cthylene/o-olefin polymer. As one aspect of this invention, by
taking advantage of the 1rradiation efficient of these unique
polymers, 1t possible the prepare film structures with differ-
entially or selectively crosslinked film layers. To take further
advantage of this discovery, specific film layer materials
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including the present ethylene/a-olefin multi-block 1inter-
polymers can be formulated with pro-rad agents, such as
triallyl cyanurate as described by Warren 1n U.S. Pat. No.
4,957,790, and/or with antioxidant crosslink inhibitors, such
as butylated hydroxytoluene as described by Evert et al. 1n

U.S. Pat. No. 5,055,328.

Irradiation crosslinking 1s also useful for increasing the
shrink temperature range and the heat seal range for the film
structures. For example, U.S. Pat. No. 5,089,321, mcorpo-
rated herein by reference, discloses multilayer film structures
comprising at least one heat sealable outer layer and at least
one core layer which have good 1rradiation crosslinking per-
formance. Among irradiation crosslinking technologies, beta
irradiation by electron beam sources and gamma 1rradiation
by a radioactive element such as Cobalt 60 are the most
common methods of crosslinking film materials.

In an 1rradiation crosslinking process, a thermoplastic film
1s Tabricated by a blown film process and then exposed to an
irradiation source (beta or gamma) at an irradiation dose of up
to 20 Mrad to crosslink the polymeric film. Irradiation
crosslinking can be induced before or after final {ilm orienta-
tion whenever oriented films are desired such as for shrink
and skin packaging, however, preferably irradiation
crosslinking 1s induced belore final orientation. When heat-
shrinkable and skin packaging films are prepared by a process
where pellet or film 1irradiation precedes final film orientation,
the films mvariably show higher shrink tension and will tend
yield higher package warpage and board curl; conversely,

when orientation precedes 1rradiation, the resultant films wall
show lower shrink tension. Unlike shrink tension, the free
shrink properties of the ethylene/a-olefin multi-block inter-
polymers of the present invention are believed to be essen-
tially unatfected by whether irradiation precedes or follows
final film orientation.

Irradiation techniques useful for treating the film structures
described herein include techniques known to those skilled 1n
the art. Preferably, the irradiation 1s accomplished by using an
clectron beam (beta) 1rradiation device at a dosage level of
from about 0.5 megarad (Mrad) to about 20 Mrad. Shrink film
structures fabricated from the ethylene/a-olefin multi-block
interpolymers as described herein are also expected to exhibit
improved physical properties due to a lower degree of chain
scission occurring as a consequence ol the wrradiation treat-
ment.

The interpolymers, blends, and films of this invention, and
the methods for preparing them, are more fully described in
the following examples. In general, films made from the novel
formulated ethylene/a.-olefin multi-block interpolymer com-
positions often exhibit good impact and tensile properties,
and an especially good combination of tensile, yield and
toughness (e.g., toughness and dart impact). Further, films
often exhibited similar or improved properties over films
made from other resins 1n a number of key properties such as
dart impact, MD tensile, CD tensile, MD toughness, CD
toughness MD ppt tear, CD ppt tear, CD Elmendort tear B,
puncture and significantly lower block.

Examples of the Present Invention

The following examples demonstrate the range of proper-
ties obtainable by varying parameters of the composition used
to make the films. The test methods employed in the examples

described below were as follows:
density—ASTM D-792
molecular weight—ASTM D-1238, Condition 190° C./2.16

kg (formerly known as “Condition E” and also known as I,
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ASTM D-1238, Condition 190° C./10 kg (formerly known as
“Condition N and also known as I, ;)
Table A contains the characterization data of the composi-

tions of various examples and comparative examples of the

present invention. In general, the compositions contain up to

100% of a primary interpolymer shown as “% primary” and

Characterization data of example compositions

56

up to 63% of a second polymer shown as “% secondary.” The
I, (¢/10 min), I, /1,, and density (g/cm”) were obtained and
are given for the overall composition, the primary interpoly-
mer, and secondary polymer, 1 applicable. The compositions
were made using solution polymerization. The catalysts
employed 1n each reactor are stated.

TABLE A

[T
d

O 00 -1 O A D W = O 000~ Oy R W R

A R A I SO R L B
b b2 = D

Over-

all
12

1.03
0.92
0.90
0.79
0.84
0.76
0.78
0.50
0.54
0.43
0.50
0.70
0.75
0.76
0.59
0.48
0.60
0.58
0.53
0.58
0.53
0.68

0.76

Overall

[10/12

7.50
7.90
8.04
7.48
7.42
7.30
7.34
0.83
0.7%8
0.67
0.74
0.84
7.00
7.30
0.8%
6.97
0.94
0.77
0.95
7.21
0.37
0.94

0.93

Overall
Density Catalyst

0.91
0.91
0.91
0.91
0.919
0.927
0.926
0.920
0.929
0.902
0.912
0.920
0.926
0.91%
0.91%
0.921
0.919
0.921
0.921
0.930
0.931
0.921

0.927

OOy o

First

OBC*
OBC*
OBC*
OBC*
OBC*
OBC*
OBC*
OBC*
OBC*
OBC*
OBC*
OBC*
OBC*
OBC*
OBC*
OBC*
OBC*
OBC*
OBC*
OBC*
OBC*
OBC*

OBC*

First
I,

0.3

0.3

0.3

0.43
0.4%
0.50
0.4%
0.43
0.54
0.43
0.50
0.4%
0.4%
0.43
0.59
0.4%
0.60
0.5%
0.53
0.5%
0.53
0.43

0.43

First

0.67
0.69
0.72
7.13
0.67
0.78
0.67
6.74
0.69
7.13
0.67
0.8%
6.97
6.94
0.77
0.95
7.21
0.37
0.67

0.67

First

Overall
Density

0.894
0.894
0.894
0.902
0.902
0.912
0.910
0.902
0.929
0.902
0.912
0.902
0.910
0.902
0.91%
0.921
0.919
0.921
0.921
0.930
0.931
0.902

0.902

% First

39.0%
39.0%
39.0%
37.0%
37.0%
47.0%
47.0%
39.1%
100.0%
100.0%
100.0%
60.0%
57.0%
44.7%
100.0%
100.0%
100.0%
100.0%
100.0%
100.0%
100.0%
60.0%

48.0%

Catalyst

/N
/N
/N
/N
/N
ZN
/N
OBC*
none
none
none
/N
/N

/N
none

none
none
none
none
none
none
ZN
ZN

L

2.29
2.29
2.29
1.28
1.28
1.24
1.24
0.54

1.35
1.35
1.28

1.35
1.35

Lo/l

7.87
7.87
7.93
7.93
0.81

7.12
7.12
7.87

7.12
7.12

Second

Second Second Second Overall
Density Second

0.927
0.927
0.927
0.929
0.929
0.940
0.940
0.929

0.949
0.949
0.929

0.949
0.949

0
0
0

%

1.0%
1.0%

1.0%

63.0%
63.0%
53.0%
53.0%
60.9%

40.0%
43.0%
55.3%

40.0%
52.0%

Tm

(deg

C.)

122.4
122.3
122.3
121.5
120.6
123.9
123.9
123.6
124.6
119.9
120.6
125.4
126.4
121.4
120.3
122.1
120.3
121.9
122.9
123.7
125.7
125.5

128.4

Tc

(deg
C.)

80.0
81.3
81.2
79.5
79.4
81.0
80.3
80.0
80.6
07.1
72.2
82.0
83.3
78.6
69.0
75.1
72.8
76.4
77.9
79.5
80.7
81.3

82.5

Tm -
Tc

42.4
41.0
41.1
42.0
41.2
42.9
43.6
43.6
44.0
52.8
48.4
43.4
43.1
42.%8
51.3
47.0
47.5
45.5
45.0
44.2
45.0
44.2

45.9

Mw/
Mn

3.0
3.8
3.5
3.4
3.1
2.9
3.0
2.0
1.9
2.0
1.9
2.5
2.7
2.8
1.9
2.1
2.1
1.9
2.1
2.1
2.1
2.0
2.0

OBC* = Miuxture of [N-(2,6-di(1-methylethyl)phenyl)amudo)(2-1sopropylphenyl){a-naphthalen-2-diyl{(6-pyridin-2-diyl)methane) |hafmmum dimethyl and bis-(1-(2-methylcyclohexyl)

ethyl)(2-oxoyl-3,5-di(t-butyl)phenyl)immino) zirconmum dimethyl

/N = Ziegler-Natta

Examples 4-23 are physical blends made using conventional melt blending techniques while examples 1-3 are made 1n situ according to a technique that 1s similar to that described in U.S.

Pat. No. 5,844,045,

Tables for Film Performance

[T
S

S LN I S
L b =

O 00 =1 N U D LR = O D B0 ) Oy B ) b

b = —
=

Thickness,

muls,

ASTM

D374

1.15
1.16
1.17
1.57
1.63
1.66
1.63
1.44
1.69
2.21
1.77
1.75
2.09
1.86

1.63
1.73
1.79
1.94
2.02
1.96
1.95
1.87

Average
Elmendorf Average
Normlized Tear, Elmendort
Dart g/mil, Tear,
(g/mul) MD, g/mil, CD,
ASTM ASTM ASTM
D1709 1922 1922
353 413 763
417 335 775
358 271 724
209 417 606
182 260 540
42 321 616
123 334 569
176 376 645
93 290 633
482 341 492
372 358 566
193 469 775
95 421 838
207 355 559
235 305 599
255 311 712
182 350 459
221 448 682
189 467 774
88 282 626
47 187 494
181 527 910
103 418 879

Clarnty, %o,

ASTM
D1746

15.4

9.0
13.77

9.1
10.3
25.6

0.9

3.6
18.%8
29.0
19.4
15.0
14.2
15.5

9.1
12.6
36.7
23.7
10.7
14.5

Haze, %,
ASTM
D1003

5.7

5.5

5.3
30.5
28.%8
35.2
34.3
12.0
13.3

8.9
11.0
17.6
17.1
11.9
12.4
18.9
20.1
15.4
16.4

8.5

8.4
46.5
49.7

Average
45 Deg
Gloss, %o,
ASTM
D2457

76.6
77.1
77.1
33.9
264
26.8
24.5
05.5
59.7
51.2
05.6
43.0
26.6
54.7
57.4
49.5
41.9
554
59.8
52.2
68.2
23.9
20.0



US 8,816,006 B2
58

S7
Process Conditions for the OBC component used 1n the listed examples above:
Cat
Al Cat B2
C,H, CgH,, Solv. H, T CatAl®? Flow B2° Flow DEZ
Ex. kg/hr  keg/hr  kg/hr Scem! °C. ppm  kg/hr ppm kg/hr Conc %
4, 8,10, 14, 22, 23 2.58 2.30 21 2 125 1159 0.24 592 0.13 0.5
5,12 2.62 1.52 22 8 125 1159 0.27 359.2 0.09 0.5
6,11 2.75 1.65 23 2 125 115.9 0.25 392 0.21 0.5
7,13 2.75 1.26 23 3.5 125 1159 0.20 359.2 0.12 0.5
8,9 1.85 0.43 16 11 135 95.2 0.07 418 0.14 0.4
18 2.91 1.16 25 2 130 1159 0.17 392 0.22 0.5
19 2.91 1.16 25 15 130 1159 0.13 39.2 0.17 0.5
15 2.91 0.87 25 4.5 130 1159 0.17 5392 0.14 0.5
16 3.92 1.40 32 2 130 1159 0.22 592 0.33 0.5
17 3.92 1.11 32 10 130 1159 0.26 59.2 0.15 0.5
20 3.09 0.49 23 2 135 115.9 0.21 59.2 0.21 0.5
21 3.09 1.18 25 2 135 1159 0.10 39.2 0.37 0.5
DEZ  Cocat Cocat Poly (C5H,
Flow Conc. Flow [C,H,]/ Rate® Conv
Ex. kg/hr  ppm  kg/hr [DEZ] kg/hr wt%® Solids%  Eff.’
4, 8,10, 14, 22, 23 0.22 1665.6 0.14 855 3 90 12.5 84.5
5,12 0.21 1665.6 0.14 847 3 90 12.0 83.5
6,11 0.27 1665.6 0.16 803 3 90 11.5 73.5
7,13 0.16 1665.6 0.16 803 3 90 11.5 08.7
8,9 0.15 1215.5 0.11 347 1.7 91 9.6 131.6
8 0.24 1665.6 0.19 734 3 90 10.7 93.7
19 0.19 1665.6 0.09 1469 3 90 10.7 118.8
15 0.19 1665.6 0.19 734 3 90 10.7 106.1
16 0.33 1665.6 0.23 779 4 90 11.3 90.1
17 0.24 1665.6 0.24 779 4 90 11.1 104.1
20 0.25 1665.6 0.17 833 3 90 11.8 81.6
21 0.28 1665.6 0.15 962 3 90 10.7 89.4
Reactor 1 (OBC component)
Cat Cat  Cat
Al CatAl B2° B2 DEZ Cocat-1
C,H; CgH,, Solv. H, T Conc Flow Conc Flow DEZ Flow Conc.
Ex. kg/hr kg/hr kg/hr scem! °C. ppm  kg/hr ppm  kg/hr Conc% kg/hr  ppm
1 127 4.8 90.7 151.4 1294 384.0 0.23 9998 0.13 1.50 0.14 42499
2 127 4.8 90.7 317.7 129.2 384.0 0.22 9998 0.12 1.50 0.05 42499
3127 4.8 90.7 417.1 129.2 384.0 0.22 9998 0.11 1.50 0.02 42499
Zn*
Cocat-1 Cocat-2 Cocat-2 in Poly C>H,
Flow Conc. Flow Polymer Rate® Conversion Solids
Ex. kg/hr ppm kg/hr ppm kg/hr wt %° wt%  Eff.’
1 0.15 371.1 0.11 138.6 15.81 88.0 12.9  155.5
2 0.07 371.1 0.04 49.4 15.59 88.0 12.7 160.0
3 0.06 371.1 0.03 24.3 15.44 88.0 12.6 163.1
Istandard em®/min
2 | N-(2,6-di{ 1 -methylethyl)phenyl)amdo )(2-1sopropylphenyl){c-naphthalen-2-diyl{6-pyridin-2-diyl)methane) Jhathium  dim-
glgli]gil(l -(2-methylcyclohexyl)ethyl)(2-oxovyl-3,5-di(t-butyl)phenyl)immino) zirconmum dimethyl
4ppm in final product calculated by mass balance
51301}!1’1161‘ production rate
Oywe 1ght percent ethylene conversion 1n reactor
?efﬁcienc}f, kg polymer/g M where g M = g Hf + g ZReactor 2 (AN component)
Cat Cat Cocat-1 Cocat-1 Poly C->H,
C,H; CgH,, Solv. H, T  Conc Flow Conc Flow Rate Conversion  Solids
Ex. kg/hr kghr kg/hr scem! °C. ppm kghr ppm kg/hr  kg/hr wt % Wt %  Eff.
1 23.6 0.02 33.1 2943 1874 273.8 0.23 5093.6 0.22  24.73 87.9 21.4 3257
2 23.6 0.03 33.1 328.8 1874 273.8 0.12 35093.6 0.21  24.39 88.2 21.5 629.7
3 23.6 0.02 33.1 347.2 187.1 273.8 0.09 5093.6 0.20  24.15 R7.6 21.5  843.2
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A miniblown extrusion line equipped with three Davis-
Standard Model DSO75HM 0.75 inch diameter extruders
with 24:1 L/Dratios and feed a 2 inch diameter blown film die
with a 0.033 inch die gap was used to make film for Examples
4-23. The line has capability to produce 7 Ib/hr at 350° F.
Extruder “A” feeds the mside bubble layer and has an effi-
ciency o1 0.0224 1b/hr/rpm, Extruder “B” feeds the core layer
and has efliciency of 0.0272 lb/hr/rpm, and Extruder “C”
teeds the bubble outside layer and has efficiency of 0.020
Ib/hr/rpm.

Extruder Profile for Examples 4-23

Output Rate (Ib/hr) 2.8-3.3
Melt Temperature (° I.) 390-413
Die Gap (muil) 33
Blow-Up Ratio, BUR 1.6
Frost Line Height (in) 3
Layflat (1n) 5

A larger film line was used to produce film for Examples
1-3. The extruder profile 1s attached below:

Output Rate (1b/hr) 188.4
Melt Temperature (° I.) 457
Die Gap (mul) 110
Blow-Up Ratio, BUR 2.2
Frost Line Height (1in) 28
Layflat (in) 20.8

While the invention has been described with respect to a
limited number of embodiments, the specific features of one
embodiment should not be attributed to other embodiments of
the invention. No single embodiment 1s representative of all
aspects of the invention. In some embodiments, the compo-
sitions or methods may include numerous compounds or
steps not mentioned herein. In other embodiments, the com-
positions or methods do not include, or are substantially free
of, any compounds or steps not enumerated herein. Vanations
and modifications from the described embodiments exist.
Finally, any number disclosed herein should be construed to
mean approximate, regardless of whether the word “about™ or
“approximately” 1s used in describing the number. The
appended claims intend to cover all those modifications and
variations as falling within the scope of the mvention.

The mvention claimed 1s:

1. A film comprising at least one ethylene/a-olefin inter-
polymer, wherein the ethylene/a.-olefin interpolymer:

(a)hasa Mw/Mn from 1.7 to 3.5, at least one melting point,

Tm, 1n degrees Celsius, and a density, d, in grams/cubic
centimeter, wherein the numerical values of Tm and d
correspond to the relationship:

T >-2002.9+4538.5(d)-2422.2(d); or

(b) has a Mw/Mn from 1.7 to 3.5, and 1s characterized by a
heat of fusion, AH in J/g, and a delta quantity, AT, 1n
degrees Celsius defined as the temperature difference
between the tallest DSC peak and the tallest CRYSTAF
peak, wherein the numerical values of AT and AH have
the following relationships:

AT>-0.1299(AH)+62.81 for AH greater than zero and
up to 130 I/g,

AT=48° C. for AH greater than 130 J/g,

wherein the CRYSTAF peak 1s determined using at least 5
percent of the cumulative polymer, and i1 less than 3
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percent of the polymer has an identifiable CRYSTAF
peak, then the CRY STAF temperature 1s 30° C.; or

(d) has a molecular fraction which elutes between 40° C.
and 130° C. when fractionated using TREF, character-
1zed 1n that the fraction has a molar comonomer content
of at least 5 percent higher than that of a comparable
random ethylene interpolymer fraction eluting between
the same temperatures, wherein said comparable ran-
dom ethylene interpolymer has the same comonomer(s)
and has a melt index, density, and molar comonomer
content (based on the whole polymer) within 10 percent
of that of the ethylene/c-olefin interpolymer.

2. The film of claim 1 which further comprises a second

polymer.

3. The film of claim 2 wherein the second polymer com-
prises heterogeneously branched polyethylene.

4. A composition suitable for films comprising at least 20
weilght percent of at least one ethylene/o-olefin multi-block
copolymer, wherein the composition 1s characterized by:

a. a density of at least 0.89 g/cc;

b. a melt index (12) of from 0.1 to 1.5 g/10 min. according

to ASTM D-1238, Condition 190° C./2.16 kg;

c. a melt flow ratio 110/12 of at least 7 wherein 110 1s
determined according to ASTM D-1238, Condition
190° C./10 kg and 12 1s determined according to ASTM
D-1238, Condition 190° C./2.16kg:

d. a tallest DSC peak of from 110 to 140° C.;

¢. a tallest Crystaf peak of from 55 to 95° C.; and

f. a polydispersity, Mw/Mn, of from 1 to 4.5.

5. The composition of claim 4 wherein a film made from
the composition exhibits an average Flmendort Tear of at
least 250 g/mil, MD (machine direction).

6. The composition of claim 4 wherein a film made from
the composition exhibits a normalized DART of at least 150
grams/mil.

7. The composition of claim 4 wherein the ethylene/c.-
olefin multi-block copolymer 1s characterized by:

a. a density of at least 0.89 g/cc;

b. a melt index (12) of from 0.1 to 1.0 g/10 min. according

to ASTM D-1238, Condition 190° C./2.16 kg;

c. a melt flow ratio 110/12 of at least 7 wherein 110 1s
determined according to ASTM D-1238, Condition
190° C./10 kg and 12 1s determined according to ASTM
D-1238, Condition 190° C./2.16 kg; and

d. a molecular fraction which elutes between 40° C. and
130° C. when fractionated using TREF, characterized 1n
that the fraction has a molar comonomer content of at
least 5 percent higher than that of a comparable random
cthylene interpolymer fraction eluting between the same
temperatures, wherein said comparable random ethyl-
ene iterpolymer has the same comonomer(s) and has a
melt index, density, and molar comonomer content
(based on the whole polymer) within 10 percent of that
of the ethylene/a.-olefin interpolymer.

8. A composition suitable for films comprising at least 20
weight percent of at least one ethylene/a.-olefin multi-block
copolymer, wherein the ethylene/a-olefin multi-block
copolymer 1s characterized by:

a. a density of at least 0.89 g/cc;

b. a melt index (12) of from 0.1 to 1.0 g/10 min. according

to ASTM D-1238, Condition 190° C./2.16 kg;

c. a melt flow ratio 110/I2 of at least 7 wherein 110 1s
determined according to ASTM D-1238, Condition
190° C./10 kg and 12 1s detetmined according to ASTM
D-1238, Condition 190° C./2.16 kg; and

d. a molecular fraction which elutes between 40° C. and
130° C. when fractionated using TREF, characterized 1n
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that the fraction has a molar comonomer content of at
least 5 percent higher than that of a comparable random
cthylene interpolymer fraction eluting between the same
temperatures, wherein said comparable random ethyl-
ene interpolymer has the same comonomer(s) and has a
melt index, density, and molar comonomer content
(based on the whole polymer) within 10 percent of that
of the ethylene/a-olefin interpolymer.

9. The composition of claim 8 wherein a film made from
the composition exhibits an average Flmendort Tear of at

least 250 g/mil, MD (machine direction).

10. The composition of claim 8 wherein a film made from
the composition exhibits a normalized DART of at least 150
grams/mil.

11. The composition of claim 8 which further comprises
the residue of a chain shuttling agent.

12. The composition of claim 8 which further comprises
the residue of diethyl zinc.

13. The composition of claim 8 wherein the composition
may be characterized by having at least two distinct elution
peaks when fractionated using TREF wherein the largest peak
clutes at above 95° C.

14. The composition of claim 8 which further comprises
from at least 20 percent (by weight of the total composition)
to 90 percent (by weight of the total composition) of at least

one heterogeneous ethylene polymer having a density from
0.93 g/cm” to 0.965 g/cm”.
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15. A composition suitable for films comprising;:

(1) from 30 to 60 weight percent of at least one ethylene/
a.-olefin multi-block copolymer, wherein the ethylene/
c.-olefin multi-block copolymer 1s characterized by:

a. a density of from 0.89 to 0.91 g/cc;

b. amelt index (I12) of from 0.1 to 0.3 g/10min. according to
ASTM D -1238, Condition 190° C./2.16 kg;

¢. a molecular fraction which elutes between 40° C. and
130° C. when fractionated using TREF, characterized 1n
that the fraction has a molar comonomer content of at
least 5 percent higher than that of a comparable random
cthylene interpolymer fraction eluting between the same
temperatures, wherein said comparable random ethyl-
ene iterpolymer has the same comonomer(s) and has a
melt index, density, and molar comonomer content
(based on the whole polymer) within 10 percent of that

of the ethylene/a-olefin interpolymer; and

(2) from 40 to 70 weight percent of a heterogeneous eth-

ylene polymer.

16. The composition of claim 15 wherein the heteroge-

neous ethylene polymer has a melt index (12) of from 1.2 to 2
g/10 min according to ASTM D-1238, Condition 190°

C./2.16 kg.

17. The composition of claim 15 wherein the heteroge-
neous ethylene polymer has a density of from 0.92 to 0.94
g/cm’.

18. The composition of claim 15 wherein the composition
has a melt index (12) of from 0.7 t0 0.9 g/10 min. according to

ASTM D -1238, Condition 190° C./2.16 kg and a density of
from 0.91 to 0.93 g/cm”.
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